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Abstract:

A protection device for preventing exposure to undesired airborne material. The device including a
filter assembly having a filter, and a proximal and a distal layer configured to hold the filter
sandwiched between the proximal layer and the distal layer, a one-way valve positioned in the filter
assembly and coupled to the proximal layer of the filter assembly, and a seal positioned along a
peripheral edge of the filter assembly, the filter assembly and the seal defining a first safety
compartment for enclosing a user's mouth and nose. The device can include an eye shield assembly
having a skirt extending from the filter assembly and positioned distal to the seal, an optically
transparent eye shield coupled to the skirt to form a continuous surface from the filter assembly to a
top portion of the eye shield, and a frame coupled to the frame assembly and eye shield assembly.
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DEVICES FOR PREVENTING INHALATION OF, EXPOSURE TO, AIRBORNE
MATERIAL

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application
Nos. 63/037,958 (filed June 11, 2020) and 63/032,907 {{iled June 1, 2020}, and the content of

each of these disclosure is hereby incorporated by reference in its entivety.

BACKGROUND
Field
{002] The present disclosure relates to protecting a user from airborne material,
and specifically to devices for preventing mhalation of, and expose to, undesired airbome

>

material, including dust, pollen, and virus-laden aerosol

Description of the Related Art

[0003] In many siuations, a user desires to limit the amount and types of
materials or particles that are inhaled, and limit the exposure of their eves to such material
For example, m during cleaning, construction, or m medical environments. Current dust
masks and the like can be difficult 1o put on and take off, and can take both hands to do so.
Typical masks do vot form an airtight seal around a user’s mouth and nose, and do not form
an airtight seal around a user’s eyes. When a mask s worn, a person that the mask where is
talkaing to cannot see the mask wearers mwouth which may make communication more
difficult and less personal In addition, it can be difficult to use a telephone while wearing a
mask or a face shield Due to these challenges, people may decide not to wear protective
devices in environments where they should to protect their health and safety, and ultimately
the health and safety of others as well. Accordingly, 1t would be advantageous to address

these and other disadvantages in new devices that protect a user from arborne matersal,
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SUMMARY

[0004] Several innovations are disclosed herein, each having multiple aspects that
can be included in various embodiments of the innovations. Some of the innovations are
protection devices that have features for proteciing a user from mhalation of undesired
airborne material, and can have features for proteciing a user’s eyes from exposure 10
undesired airborne material. Other innovations relate to devices for easily attaching a filter,
or filter assembly, to the head of a user.

[O005) For example, one innovation is a protective device, the protective device
mcluding a filter assembly having a proximal side and a distal side, the proaimal side
posilioned closest to a user when the protective device i1s wormn by the user {on the user’s
head), and the distal side positioned facing away from the user. The filter assembly
comprises a filter; a procxamal layer and a distal laver where the proamal laver 5 positioned
closer to the user than the distal layer, the proximal laver and the distal laver each having a
plurality of perforations that allow air to pass through. The filter assermbly 15 configured to
hold the filter between the proximal layer and the distal laver. The device also includes a
one-way valve positioned in a center portion of the filter assembly and coupled to the
proxunal laver of the filter assembly, the valve configured to allow awr to pass through the
valve from the proximal side of the filter assembly 1o the distal side of the filter assembly, a
seal positioned along a peripheral edge of the [ilter assembly, the filter assembly and the seal
defining a first safety compartment for enclosing a user’s mouth and nose, and a frame
assembly coupled 1o the filter assembly and structured to attach the protection device to the
head of a usar. The frame assembly can include a left temple arm having a proximal end
coupled to the filter assembly, a right temple arm having a proximal end coupled to the filter
assembly, a left temple arm brace coupled 1o the left temple arm and extending towards a
lower portion of the filter assembly and coupled to the lower portion of the filter assembly,
and a right temple arm brace coupled to the left temple arm and extending towards a lower
portion of the filter assembly and coupled to the lower portion of the filter assembly.

{00861 Various embodimerds of such devices can include one or mwore other
aspects. In some embodiments, the device ncludes a left ear support on a distal end of the
left temple arm distal and a right ear support on a distal end of the right temple arm, the left

and right ear supports structured to extend around a portion of the user’s ears to hold the
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protaction device secursly on the user. In some embodiments, the device further comprises a
communication ¢ircuit, which may include a microphone which may be posttioned on the
valve. The communication circuit ¢an include a battery, and/or at least one speaker. In some
embodiments, the protection device further comprises left and right ear supports, and the at
ieast one speaker 18 positioned in one or both of the left and right ear supports. In some
embodiments, the communications circuit 18 configured to communicate with another device
via a wired or wireless connection. In some embodiments, the protection device further
comprises left and right ear supports, wherein at least a portion of the communication circuit
15 positioned i the left and right ear supports. In some embodiments, the filier includes a
proximal surface and a distal surface, and wheremn the protection device further comprises
UV-C hight emutting diode (LED)} positioned to enut UV-C radhiation on a portion of the distal
surface of the filter. In some embodiments, the filter includes a proximal surface and a distal
surface, and wherein the protection device further comprises one or more hght emitting
diodes (LEDs) that emit ultraviolet radiation. For example, the device can mclude one or
more UV-C LEDY s positioned to enmuat UV -C radhation on a portion of the distal surface of the
filter. In some emsbodiments including the examples llustrated i Figoures 1-27, the devices
can include UV-C LED s that emit light on the distal surface of the filter and/or the distal
fayer of the filier assembly, for example, to the left and right side of a one~way valve. UV-C
LED s are a class of LED s that emit UV-C radiation, which refers to a class of ultraviolet
enerey wavelengths that have a unique ability to kil viruses, bacteria, mold, and other
pathogens. In some embodiments, two UV-C LEIMs are a first set of LED's and are
positioned on, or coupled to, the one-way valve. Such devices can mchude one or more other
UV-C LEEY s, or sets of UV-C LED s, For example, the other UV-C LEI}Y s can be coupled
to a side of the one-way valve, the UV-C LED?s positioned t© emit light on the fikter
assembly on an outer surface of the distal laver of the filter assembly, or emit light within the
filter assembly between the proximal laver and the distal laver. In some embodiments, the
proximal and distal layer each comprises a plurality of openings arranged m a pattern. In
some embodiments, the distal laver and the filter are removably attachable to the fiker
assembly, the one-way valve 1s coupled 1o the proxamal laver of the filter assembly, and the
filter incudes an opening shaped and sized to fit closely around the one-way valve when the

filter 18 sandwiched between the distal laver and the proximal layer of the filter assemnbly. In

CA 03180474 2022-11-25



WO 2021/247403 PCT/US2021/034822

some embodiments, the distal layer and the proximal laver include corresponding and aligned
fasteners positioned along peripheral edges of the distal and proximal layers for coupling the
distal layer to the proximal layer. The device can include a safety strap connected to the left
emiple arm and the right temple arm for positioning behind the head of a user. in some
embodiments, the filter assembly comprises a fransparent material.

[G087] Another innovation includes a protection device, comyprising a filter
assembly having a proximal side for positioning near a user’s face and a distal side, the fikter
assembly comprising: a filter; a proximal laver and a distal laver, the proximal layer and the
distal layer each having a plurality of perforations that allow air to pass through, the file
asserobly configured o hold the {ilter between the proximal layer and the distal layer; a one-
way valve positioned in a center portion of the filter assembly and coupled to the proxumal
laver of the filter assembly, the valve configured to allow awr to pass through the valve from
the proximal side of the filter assembly to the distal side of the filter assembly; a seal
positioned along a peripheral edge of the filter assembly, the filter assembly and the seal
defining a first safety compartment for enclosing a user’s mouth and nose; an eye shield
assersbiy baving a proximal side and a distal side, and the eve shield assembly forming an
upper portion of the protection device, the eye shield assembly comprising a skirt extending
from the fiter assembly and positioned distal to the seal, the slart comprising a semi-rigid or
rigid material; an optically transparent eye shield coupled to the skirt to form a continuous
surface from the filter assembly (o a top portion of the eve shield; and a frame assembly
coupled 1o the filter assembly and structured to attach the protection device to the head of a
user. The frame assembly can inchlude a left temple arm having & proximal end coupled to the
filter assembly, a right temple arm having a proximal end coupled to the filter assembly, a
left teraple arm brace coupled to the left temple arm and extending towards a lower portion
of the filter assembly and coupled to the filter assembly, and a right temiple arm brace
coupled to the left temple arm and extending towards a lower portion of the filter assembly
and coupled to the filter assembly. Such devices can include any of the features described in
the previously described nnovation of a protective device. In some embodirments, the filter
assembly and the eyve shield assembly including the skirt can be made from a transparent

material such that the filter assembly and the eye shueld assembly are transparent.
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[0008] Another innovation includes a protection device including a filter
assembly having a proximal side for positioning near a user’s face and a distal side, the filter
assembly comprising: a filter; a proximal laver and a distal laver, the proximal layer and the
distal laver each having a plurality of perforaiions that allow air to pass through, the file
assembly configured o hold the filter between the proximal layer and the distal laver; a one-
way valve positioned in a center portion of the filter assembly and coupled to the proximal
layer of the filter assembly, the valve configured to allow air to pass through the valve from
the proximal side of the filter assembly to the distal side of the filter assembly; a seal
positioned along a peripheral edge of the filter assembly, the filter assembly and the seal
defining a first safety coropartmnent for enclosing a user’s mouth and nose; an eve shield
assembly having a proximal side and a distal side, and the eye shield assembly forming an
upper portion of the protection device, the eye shield assembly comprising a skt extending
from the filter assembly and positioned distal 1o the seal, the skirt comprising a semi-rigid or
rigid matenial, and an optically transparent eve shield coupled to the skirt to form a
continuous surface from the filter assembly to a op portion of the eye shisld, wherein the
seal 13 further positioned along a peripheral edge of the eye shield assembly, the gye shield
assembly and the seal defining a second safety compartment for enclosing a user’s eyes,
wherein the first safety compartiment 15 separate from the second safety compartment when
worn by a user such that air cannot flow between the first safety compartment and the second
safety compartment; and a frame assembly coupled to the filter assembly and structured to
attach the protection device to the head of a user. The frame assembly can mnclude a left
temple arm having a proximal end coupled to the filter assembly; a right temple arm having a
proximal end coupled to the filier assembly; a left temple arm brace coupled to the left
termple arm and extending towards a lower portion of the filter assembly and coupied to the
filter assembly; and a right temple arm brace coupled to the left temple arm and extending
towards a lower portion of the filter assembly and coupled to the filter assembly. Such
protection devices can include one or more additional features, for example, any of the
features described herein for protection devices, or other features.

[0009] Another mnovation includes a device comprising a frame for holding a
filter, the frame including a first temple arm configured to be coupled o a portion of a filter;

and a second temple arm configured to be coupled to a portion of the fiker. Tn some
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embodiments, the first temple arm comprises a first fastener positioned on a proximal end of
the temple arm, and wherein the second temple arm comprises a second fastener positionad
on a proximal end of the second temple arm. In some embodiments, the frame further
nciudes a first support having a first end coupled to the first temple arm and a second end
conficured to be coupled 1o a portion of the filter; and a second support having a first end
coupled to the second temple arm and a second end configured to be coupled to the filter. In
some embodunents, the first support comprises a third fastener positioned on the second end
of the first support, and wherein the second support comprises a fourth fastener positioned on
the second end of the second support. In some embodiments, wherein at least one fastener
comprises a clamp. In some embodiments, the clamp comprises a sprung In some
erpbodiments, the at least one fastener comprises Veloro. To some ernbodiments, the at least
one fastener comprises an adhesive. In some embodiments, the at least one fastener
comprises a staple In some embodiments, at Teast one fastener comprises a snap In some
embodiments, the at least one fastener comprises a button. In some embodiments, the frame
comprises hard plastic or an elastomeric material. In some embodiments, at least one of the
first or second temple arms comprises a curved portion configured to be positioned behind
the car of a user. In some embodiments, at least one of the first or second temple arms
comprises an earpiece configured to produce sound. In some embodiments, the device further
mnciudes a wired or wirgless receiver coupled to the ear piece. In some embodiments, the first
and second supports comprise a stretchable material In some embodiments, the frame
comprises a fastener configured to be coupled to a corresponding fastensr on a filter. The
device can further comprise a filter.

{0010 Another innovation includes a method of preventing inhalation of
undesired material, the method comprising providing a device having a frame for holding a
filter, the frame including a first teraple arm having a fastener configured to be coupled to a
portion of a filier; a second temple arm having a fastener configured to be coupled to a
portion of the filter; a first support having a first end coupled to the first temple arm and a
second end having a fastener configured to be coupled to a portion of the filter, and a second
support having a first end coupled 1o the second temple arm and a second end having a
fastener configured to be coupled to a portion of the filter; coupling a filter to the first temple

arm, the second temple arm, the first support, and the second support; and positioning the
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device on the head of a user such that the filter covers the user’s nose and mouth, and the first
temple arm is positioned adjacent to the user’s right temple and the second temple arm s
positioned adjacent to the user’s left temple.

{001 1] Ancther novation inchides a device, comprising a frame for holding a
filter, the frame including o first temple arm having a proximal end and a distal end, the first
temple arm including a fastener posttioned on the proxumal end for coupling the first temple
arm to a filter, the distal end structured to be positioned alongside a temple of a user wearing
the device; a second temple arm having a proximal end and a distal end, the second temple
arm mcluding a fastener positioned on the proximal end for coupling the second temple arm
to a filier, the distal end structured to be positioned alongside a temple of a user wearing the
device; and a first support having a first end coupled (o the first temple arnm and a second end
including a fastener configured for coupling the first support to a portion of the filter; and a
second support having a fust end coupled to the second temple arm and a second end
including a fastener configured for coupling the second support to a portion of the filter. Tn
some embodunents, the fasteners are releasably attachable to the filter. In some
embodiments, the device further mncludes a filter coupled to the first temple arm, the second
temple arm, the first support, and the second support. In some embodiments, the frame
further comprises a bridge structure connecting the proxamal end of the first temple arm to
the proxmmal end of the second temple arm. In some emboduments, the frame further
comprises a lower member coupled to the second end of the first support and the second end
of the second support. In some embodiments, the frame further comprises a lower member
coupled to the second end of the first support and the second end of the second support; a
first side member coupled to the proximal end of the first temple arm and coupled to the
lower end of the first support; and a second side member coupled to the proximal end of the

second temple arm and coupled 1o the lower end of the second support.

BRIEF DESCRIPTION OOF THE DRAWINGS
(0012] The features and advantages of the embodiments described hersin will
become more fully apparent from the following description and appended claims, taken in
conjunction with the accompanying drawings. These drawings depict only certain

embodiments in accordance with the disclosure and are not to be considered limiting of its

CA 03180474 2022-11-25



WO 2021/247403 PCT/US2021/034822

scope. In the drawings, similar reference numbers or symbols typically identify similar
components, unless coniext dictates otherwise. In some instances, the drawings mav not be
drawn to scale.

{881 3] Figure 1 is a front perspective view of an example of a first embodiment
of a protection device having a filter assembly that is structured to cover a user’s nose and
mouth and to form a sealed compartment that encloses the user’s nose and mouth, where in
vartous examples the protective device can also mnchide one or more other features, including
for example, a microphone, earpieces, and/or other communication circuits, and UV-C hight

ernitting diodes (LEDs).

{001 4] Figure 2 15 a back perspective view of the protection device illustrated in
Figure 1.
(001 5] Figure 3 is a front view of the embodiment of the protection device

Hlustrated in Figure 1.

{081 6] Figure 4 is a back view of the embodiment of the protection device
dlustrated in Figure 1

(0017} Figure 5 15 a right-side view of the embodunent of the protection device
dustrated in Figure 1.

[00158] Figure 6 13 a left-side view of the embodiment of the protection device
dlustrated in Figure 1.

[0019] Figure 7 i3 a top view of the embodiment of the protection device
ilustrated in Figure 1.

[0020] Figure 8 15 a bottom view of the embodiment of the protection device
ustrated i Figure 1.

[0021] Figure 9 is an exploded view of an example of the embodiment of the
protection device iHustrated in Figure 1.

[0022] Figure 10 iz a front perspective view of an example of a second
embodiment of a protection device having a filter assembly that 15 structured to cover a
user’s nose and mouth and to form a sealed compartment that encloses the user’s nose and
mouth, and having an upper portion that mcludes a skirt that extends to an eye shigld, where

in various examples the protective device can also include one or more other features,
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including for example, a microphone, earpieces, and/or other communication circuits, and

UV-C light ematting diodes (LEDs),

[0023] Figure 11 15 a back perspective view of the protection device illustrated in
Figure 10
[0024] Figure 12 is a front view of the embodiment of the protection device

illustrated in Figure 10.

[0025] Figure 13 is a back view of the embodiment of the protection device
illustrated in Figure 10

{06261 Figure 14 1s a nght-side view of the embodiment of the protection device
ilustrated i Figure 10,

(06271 Frgure 15 15 a left-side view of the embodiment of the protection device
itlustrated in Figure 10

(06281 Figure 16 18 a top view of the embodiment of the protection device
itlustrated in Figure 10

[O029] Figure 17 1s a bottom view of the embodiment of the protection device
itlustrated w0 Figure 106

REIRI Figure 1R 15 an exploded view of an example of the embodiment of the
protection device dlustrated in Figure 10,

(031 Figure 19 18 a front perspective view of an exaraple of a thud embodunent
of a protection device having a filter assembly that 5 structured to cover a user’s nose and
mouth and to form a first sealed compartment that encloses the user’s nose and mouth, and
having an upper portion that includes a skirt that extends to an eve shueld, the upper portion
structured to form a second sealed compartment around the user’s eyes, where m varous
examples the protective device can also include one or more other features, including for
example, a microphone, earpieces, and/or other communication circuits, and UV-C hight
emitting diodes (LEDs).

[0032] Figure 20 15 a back perspective view of the protection device illustrated in
Figure 19,

{B033] Figure 21 13 a front view of the embodiment of the protection device

illustrated in Figure 19,

-9
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[0034] Figure 22 is a back view of the embodiment of the protection device
itlustrated in Figure 19.

[0035] Figwre 23 15 a night-side view of the embodiment of the protection device
itustrated i Figure 19

[0036] Figure 24 15 a left-side view of the embodiment of the protection device
illustrated in Figure 19.

{00371 Figure 25 is a top view of the embodiment of the protection device
illustrated in Figure 19

{60381 Figure 26 is a bottom view of the embodiment of the protection device
ilustrated i Figure 19,

{0039 Frgure 27 15 an exploded view of an example of the embodunent of the
protection device iustrated in Figure 19

66401 Figure 28 illustrates an example of a side view of an arm assembly of a
device that is configured to be coupled to a filter {or tilter assembly) for attaching the filter to

a user’ s face.

DBETAILED DESCRIPTION

(0041 ] Examples and embodiments of a protection device (“device™) for
preventing inhalation of undesired airborne materials, substances, dust, pollen, and virus-
faden aerosol {all referred to as “matenial” for ease of description), each device having
several aspects (features), no single aspect of which s solely responsible for its desirable
attributes. Without limiting the scope of the claims that follow, some of these aspects are
described below. The drawings referred to illustrate certain features that can be mcluded on
such devices. In some examples, for clarity of ilustration, not all of the features of a
particular device are necessardy meluded m a particular figure. Various illustrated or
described devices also have additional features, including features that are illustrated or
described elsewhere herein. Husirations in the drawing sheets presented herein are examples
only and should not be taken as himiting,

[0042] Magsks, respirators, and shields are used 1o protect a user from exposure 1o
unwanted material. Although such devices may be used in hazardous environments {(e.g.,

medical, construction, eic.} they may not provide the needed protection to fully isolate the

-10-
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monith and nose such that only filtered air is inhaled. Also, they may not protect a user’s eves,
or madequately protect a user’s eves. When a mask and eve shield are worn separately, thers
is a risk of exposure in the space betwesn these devices. Also, because the eyes and an eye
shield are not fully isolated from the nose and mouth, fogging of the eye shield can occur. In
addition, as user’s are wearing protection devices for long periods of time, communication
{e.g., by phone} can be awkward, difficult, or impossible, depending on the device. Most
protection devices offer only passive protection (2 barrier). In some instances, the level of
protection can be increased if active protection is emploved (e.g., against virus). Protection
devices described herein include features to address these issues and provide other
advantages as well, for example, higher comfort, easy use and may have cost advaniages
compared to other protection devices thalt complete isolation of a user’s eves, nose amd
mouth. Such devices are re-usable, where only the filter needs to be disposed of regularly
thus decreasing waste and n particular hazardous waste. Same of these protection devices
can include active systems for a higher level of protection from viruses, and can include
communication features so the devices do not need to be removed for commurucation.

[0043] Examples of several embodiments of protection devices are described
herein. Figares 1-9 show an example of a first embodiment of a protection device structured
to have a filter assembly that forms a safety compartment for posiioning around a user’s
nose and mouth, Figures 10-18 show in example of a second embodunent that 1 also
structured to have a filter assembly that forms a safety compartment around a user’s nose and
mouth, an eve shield, and additionally includes a skirt extending between the filter assembly
and the eve shield. Figures 19-27 show an example of a third embodiment of a protection
device that 15 also structured to have a filter assembly that forms a first safely compartment
around a user’s nose and mouth, an eyve shield, and a skirt extending between the filter
assembly and an eye shisld, and a second safety compartment for positioning around g user’s
eves. Figure 28 tllugtrates a device having a frame that 15 configurad to be attached to a filter
o hold the filter on the face of a user, allowing the filter to be easily removed and put back
on using one hand. Any of these devices can include one or more features that provide easier
use and/or better protection.  In various embodiments, one or more portions of the devices
{e.g., a filter, filter assembly, frame, eve shield, valve, seal, strap and/or skirt) can be made

from transparent material which makes the device less visible and intrusive. Also, a

-11-
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transparent {or nearly transparent) mouth covering portion can help facilitate communication,
and be a necessity for lip-reading nseds.

(0044 Certain protection devices disclosed herein are structured to form a first
safety compartment that can be positioned around a user’s mouth and nose, and seal tightly to
a user’s face Air that enters the first safety compartment can only do se by passing through a
filter contained in a filter assembly. The filier assembly can include a proximal layer and a
distal layer that are configured to be removably attachable and hold a filter therebetween.
That is, the filter is sandwiched between the proximal and the distal laver. The filter is
removable and replaceable. Various filters can be used v a filter assembly and may be
selected based on the environment in which the device will be used {eg, mediwal,
construction, cutside, home use, ete.}. The proximal layer and the distal layer can mclude
corresponding and aligned fasteners positioned along the edpes of the proximal and distal
layers that allow the proximal and distal lavers to be connected and disconnected, for
example, to change or replace a filter.

[0045] Certain protection devices disclosed heremn are structured to form a second
safety compartment that can be positioned around a user’s eyes, preventing the eyes from
being exposed to any unwanted material. The second aafety compartment 15 separate from the
first safety compartment such that air 1 one of these safety compartments does not
comrnunicate to the other safety department. That 15, when the protection device 1s worn by a
user, the first safety compartrent is a separate sealed compartment from the second safety
compartment.

[0046] The devices described herem can include features that address 1ssues with
current protection devices. For example, a device can have a communtication circuit
incorporated nto its structore or attached thereon. The commmumication circuit can include a
microphone, speakers and wired or wireless {e.g., Bluetooth) communication channels. In
some embodiments, a portion of the communication ciweuit {e.g., speakers, receiver or
fransmitier circuiis) are on an sar support portion of a temple arm such that when the device
is worn the commumnication circuit 1s positioned at the back side of the user’s ear such that the
weight of the communication cirguit {even though relatively hight} helps to hold the ear

support on the user’s ear.
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[0047] Several ilustrative embodiments of protection devices are described
herein. The following 13 a hist of certain components that are described and enumerated n
this disclosure in reference to the above-listed figures. Other components, or aspects of these
components, may not be included in the list but are disclosed in the figures and description.
Accordingly, any aspect tHustrated in the figures, whether or not called out separately herein,
can form a portion of various embodiments and may provide basis for claim himitation
relating io such aspects, with or without additional description. The enumerated components
include:
I protection device
2 protection device
3 protection device
S filter assembly
§ filter
9 filter proximal surface
10 filter distal surface
11 filter opening
12 frame assembly (frame)
13 distal layer opening
14 seal
1S proximal layer opening
16 first safety compartiment (first compartment)
18 second safety compartment {second compartment}
20 seal of first safety compartment seal {first seal}
22 seal of second safety compartment {second seal)
24 filter assembly proxumnal laver (proximal layer)

26 inner surface proximal layer

3

o]

7 outer surface proxumal layer

28 filter assembly distal layer {distal layer}
29 mmmer surface distal layer

30 outer surface distal layer

35 second volume
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36 aperture (opening)

38 valve

39 vents

40 skirt

42 eye shield

44 left temple arm

46 right temple arm

4% left ear support

50 night ear support

52 electronics module

54 speaker

56 microphone

58 UV-C Taght emuting diode (1.EDY)

60 proximal end left temple arm

61 proximal end right temple arm

62 distal end left temple arm

63 distal end right temple arm

64 upper portion

65 lower portion

66 strap

68 left temple arm brace {left brace)

59 left temple arm brace lower end (lower end)
70 left temple arm brace upper end (upper end}
71 night temple arm brace {right brace)

72 right temple arm brace (lower end)

73 right terople arm brace (upper end)

72 skirt left portion

73 skirt right portion

74 skt lower portion

75 skart upper poriion

76 protection device proximal surface (proximal surface}
-14-
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77 protection device distal surface (distal surface)
78 left sidse

79 right side

&0 fastener

200 devics

201 arm assembly

202 temple arm

204 brace

206 ear support

208 first fastener

210 second fastener

212 earpisce

213 distal end hrace

220 proxunal end

222 istal end temple arm

{0048} Figure 1 15 a front perspective view of an example of a first embodiment
of a protection device | having a filter assembly 5 that 1S structured to cover a user’s nose
and mouth and to form a sealed first compartment 16 that encloses the user’s nose and mouth
{0 protect inhalation and ingestion of undesired material. Device 1 15 described in reference
to Figures 1-8 and 25 which illustrate the example of the first embodiment, where Figure 2 15
g back perspective view, Figure 3 is a front view, Figure 4 18 a back view, Figure 5 15 a right-
side view Figure 6 1s a left-side view, Figure 7 ig a top view and Figure 8 ig & boitom view.
Figure 9 is an exploded view of this example of a first embodiment and illusirates certain
features and characteristics that may not be able to be seen in Figures 1-9. Note, for clarnity of
the illustrations, all of the corresponding depictions of certain features in each of Figures 1-9
may not be enumerated even though they illustrate different views of the same feature.

{0049] Referring to Figures 1-9, device 1 mcludes a proximal surface 76 that is
positioned ciosest to a user’s face with the device 15 worn, and a distal surface that faces
away from a user when the device 1 15 worn by the user. Protection device 1 includes a lefi
side 78 and a right side 79, The device 1 includes a filter assembly 5 having a proximal side

positionable near a user’s face and a distal side positioned away from the user’s face The
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filter assembly 5 includes a removable (replaceable) filter & (Figure 9), a proximal layer 24
and a distal layer 28 The filter assembly 5 s structured to hold the filter 8 sandwiched
between the proximal layer 24 and the distal layer 28, In some embodiments, the proximal
and distal layers 24, 22 are translucent. In some embodiments, the proximal and distal layers
24, 28 are transparent, or clear. In some embodiments, the proximal and distal layers 24, 28
are colored (e.g., blue, yellow, orange, green, etc.). The proxmmal layer 24 includes an wnner
surface 26 (facing the user when the device 1 is worn) and an outer surface 27 (facing away
from the user when the device 15 worn). The inner surface 26 of the proximal layer 24 forms
a portion of the proximal surface 76 or the protection device 1. The distal layver 28 includes
an inner surface 29 and an ocuter surface 30, The outer surface 30 forros a portion of the distal
surface 77 of the protection device 1. The proximal layer 24 aond the distal laver 28 may
comprise a rigid or semi-rigid material. The proximal laver 24 and the distal layer 28 may
have corresponding shapes such that they 1t closely together with the filter 8§ positioned
therebetween.

[0050] Both the proximal and distal layers 24, 28 have a plurality of openings 36
that allow air 10 pass through these lavers 24, 28 while they provide supporting surfaces o
hold the filter & and protect the integrity of the filter 8B, preventing objects larger than the
openings 36 from contacting the filter 8 The openings 36 can be circular {as shown m this
example), or have a different shape (e.g., oval, rectangular, star-shaped, ¢ic.} The openings
36 can be arranged in a variety of patterns. The total area of the openings 306 is sufficiently
large 10 support breathing by the user. In some embodiments, some or all of the openings on
the proximal laver 24 and the distal layer 28 are aligned o ensure air flow through the filier
assembly 5 is unimpeded, except for the filter 8

(06351 The filter § includes a proximal surface ¢ and a distal surface 10
positioned opposite the prosxumal surface 9. 1n some embodiments, the filter 8 is translucent.
In some embodiments, the filter 8 is transparent, or clear. In some embodiments, the filter is a
transparent and colored {e.g., blue, yvellow, orange, green, etc.}. The filter 8 1s configured to
prevert airborne material from passing through the filter. In some embodiments, the filter 15
configured to prevent 90% of anborne solid particles from passing through the {ilter. In some
embodiments, the filter s configured to prevent about 91%, 92%, 93%, 94%, 95%, 96%,

7%, 98%, 99%, or more than 99% (+/- 0596), of airborne solid particles from passing
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through the filter. In some embodiments, the filter 8 15 classified as an N95 filter. In some
embodiments, the filter i3 classified as a N99O filter.

(00521 The filter 8 may be designed and structured to filter certain types of
material, and the filter 8 ¢can be changed based on s use condition. For example, when used
in a medical environment under “normal” user exertion conditions, the filter & can be
designed and constructed to filter viruses and other microscopic material. Such filters may
restrict airflow more so than other designs but with the benefit of providing a higher degree
of filkkering. A filter 8 for use in a construction environment, under moderate or heavy
exertion conditions may be designed and constructed to filter out larger matemals but allow a
fess vestrictive anrflow. Thus, the removable / replaceable [lter provides an advantage of
being able to select a filter based on the use conditions.

(0853 The filter 8 includes an opening 11 which is shaped and sized to fit closely
around a one-way valve 38, In this example, the opening 11 15 rectangular shaped. However,
the opening 11 can be any shape or size that corresponds with the valve 38 The distal layer
28 also ncludes an opening 13 shaped and sized 1o it around the valve 38, The proxumal
layer 24 also includes an opening 135, the valve 38 bemng positioned n the operung 15 and
coupled to the proximal fayer 15, The valve 38 allows for air exhaled from a user to flow
through the valve from the proximal side of the filter assembly 5 to the distal side, and
prevents air from flowing through the valve from the distal side of the filter assembly 5 to the
proximal side. In this example, a single valve 38 is positioned in a center portion of the fiker
assembly. Other embodiments mav include one or more valves positioned on other portions
of the filter assembly 3, for example, on one or both sides of the center of the filter assembly
5. The valve 38 can have various configurations. Various designs of valves can be employed.
In this example, the valve includes one or more vents 39 that direct an air flow, passing
through the wvalve, in a downward direction. In some embodiments, the valve 38 is
transhucent or transparent.

RULREY In some embodiments, the device 1 includes a microphone 56 coupled to
the valve 38, The nmucrophone 56 can be a wireless or wired mucrophone, and can be part of a
commumnication circuit that 1s integrated into the device 1. In some embodiments, one or more
UV-C LEI¥s 38 can be coupled to the valve 38 The example in Figure | includes two

LED’s 58a positioned on the distal side of the valve 58 The LEIYs 58 are aligned to emnt
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UV-C radiation onto a portion of the outer surface 30 of the distal layer 2& to sanitize air
prior to the air passing into and through the filter assembly 5. This example also includes two
JV-C LED’s 58 posstioned on a side portion of the valve 38 as shown in Figure 9, one UV-C
LED 5% aligned to emit radiation towards a left side 7% of the device | and the other UV-C
LEDr 58 aligned to emit radiation towards a right side 79 of the device 1. When air is inhaled
through the filter assembly 3, matenal including pathogens can accumulate on the distal side
of the filter 8. The UV-C LEIYs 538 positioned on a side portion of the valve 38 are aligned to
emit UVY-C radiation onto and along the filter distal surface 10 to neutralize / kill viruses that
accumulate on the disial swface 10 of the filter 8

[0055] The device | also includes a seal 14 positioned along a contmnuous
peripheral edge of the filter asserobly 5 The filter assembly S and the seal 14 define a fust
safety compartment 16 (Figure 2) having a first volwne 33 The first compartment 16 1s
structured 1o surround and enclose a user’s mouth and nose within the first volume 33, In the
examples of the first embodiments {e g, Figures 1-8} and the second embodiment (e g,
Figures 10-18) the seal 14 can be referred to as a first safety compartment seal 20 for the fust
safety compartment 16, In the example of the third embodiment {e.g.. Figures 19-27}, the
seal 14 can be referred to as being a first seal 20 for the first safety compartment 16 and a
second seal 22 for the second safety compariment, the second seal 22 postiioned along the
peripheral edge of the second safety compartment 18 forming a tight seal with a portion of
the user’s face The second safety compartment 18 is structured to surround and enclose a
user’s eyes within a second volume 35, the second seal 22 defining the cuter edge of the
second safety compartment 18,

[0056] The device 1 also includes a frame assembly (“frame™)} 12 coupled to the
filter asserbly 3 for attaching the device 1 1o the head of a user. The frame 12 includes a left
temple arm 44 having a proxumal end 60 coupled 10 an upper portion 64 of the fiker
assembly 5, and a right teraple arm 46 having a proximal end 61 coupled to the upper portion
64 of the filter assembly 5. In this example, the frame 12 also weludes a left temple arm
brace 08 coupled to the left temple arm 44 at an vpper end 70. The left brace 68 extends
iowards a lower portion 63 of the filter assembly 5. The lower end 69 of the left brace 68 is
coupled to the lower portion 65 of the filter assembly S, The frame 12 also includes a nght

temple arm brace 71 coupled to the right temple arm 46 at an upper end 73 The right brace
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71 extends towards a lower portion 65 of the filter assembly 5. The lower end 72 of the right
brace 71 is coupled to the lower portion 65 of the filter assembly 5. The frame 12 can be
formed from a rigid or semui-rigid material (e.g., plastic, a polymer, rubber, silicon, etc.}. The
frame 12, or portions of the frame 12, can be translucent or transparent. The frame 12 also
includes a left ear support 48 and a right ear support 50 A portion of the ear supports 48 30
are configured to be placed on a user’s ears, and the ear supports 48, 50 can extend behind a
user’s ears. In some embodiments including this example, a portion of the ear supports 48, 50
are configured to curve behind a user’s ears.

{66571 in some examples, a communication circuit 52 can be mcorporated 1nto
the device 1. In Figure 1 and other figures, a communication circuit 52 1s shown as a visible
structure on or attached to a temple arm, as one example of it’s placement on the device. In
other embodiments, the communication circuit 52 1is not visible, or is only partially visible,
and 18 integrated into the structure of the protection device 1. The communication circwt 52
can include wireless or wired communication functionality. For example, the communication
circutt 52 can include one or more speakers 54 can be positioned on the temple arms distal
ends 62, 63. In some embodiments, the speakers 54 can be housed in the ear supports 48, 50.
Speakers, and other portions of a communications circuit, housed within the ear supports 48,
50 can advantageously provide addiional weight at a point behind the portion of the ear
support that rests on the user’s ears, the weight helping to hold the ear support firmly against
the user’s ear to hold the device 1 in place. The communications circuit 52 can also include
the microphone 56. In some embodimenis, the communications circuit 52 can include wires
that are incorporated into the frame 12 and/or the filter assembly 5 connecting components of
the communications c¢ircuit. The communication ciouit 32 can also mclude wireless
components {e.g., microphons, speakers, transmitter, receiver, etc.). In this example, a
portion of the communications circuit 32 is ilustrated as being positioned on the left and
right temaple arms 44, 46, In other examples, all or a portion of the communications circut 52
is posttioned within the frame 12 and/or the filter assembly 8. In some embodiments, the
comununication circuit 52 s operable to communicate wirelessly {e.g., via Bluetooth), or
through a wired connection, (o a user compuiing device, e.g., a smart phone, tablel computer,

laptop computer, ete. In other embodiments, the communication circuit 1s configured to
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provide cell phone functionality, or other communication functionality itself (e.g., via radio
communications).

(00581 The device 1 can also include a strap 66 which is structured to hold the
device onto a user’s head. The strap 66 can attach to the distal end 63 of the right temple arm
and the distal end 62 of the left temple arm.

[0059] Figure 10 is a front perspective view of an example of a second
embodiment of a protection device 2 having a filter assembly 5 that 1s structured to cover a
user’s nose and mouth to protect inhalation and mgestion of undesired material, and to form a
sealed compartment 16 that encloses the user’s nose and mouth. Device 2 also has an upper
portion that includes a skirt 40 that extends to an eye shield 42, Device 2 18 described in
reference to Figures 10-18 and 26 which illustrate the example of the second embodiment,
where Figure 10 15 a front perspective view, Figure 11 is a back perspective view, Figure 12
15 a front view, Figure 13 15 a back view, Figure 14 15 a night-side view, Figure 15 15 a left-
side view, Figure 16 18 a top view, and Figure 17 1s a bottom view. Figure 18 13 an exploded
view of this example of the second embodiment and illustrates certain features and
characteristics that may not be able to be seen in Figures 10-18 Note, for clanty of the
dlustrations, all of the corresponding depictions of certain features in sach of Figures 10-18
may not be enumerated even though they illusirate different views of the same feature,
Protection device 2 may have many structural features that are the same or similar to features
of protection device 1 as illuswrated in Figures 1-9 and described above in reference o
protection device 1. For example, the filter assembly 5, the valve 38, the temple arms 44, 46,
lsft and nght brace 68, 71, the ear supports 48, 50, microphone 56, speakers 34,
commnunication circuit 52, strap 66, ete., and the description of any sumilar features of device
1 applies 1o device 2 as well Protection device 2 also has some different structural features
that are different as discussad below.

{0060 As illustrated in Figures 10-1§, protection device 2 incledes a skirt 40 that
extends from the filter assembly & 1o an eye shield 42 In various embodiment, the skirt 40
can be a rigid, semi-rigid or a pliable material. An upper portion of the skirt 40 15 coupled to
g lower portion of the eve shield 42 along a bottom edge of the eye shield 42 forming a
protective barrier that covers the portion of a user’s face between their mouth and nose, and

their eves.
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(0061 ] Protection device 2 also includes a seal 14 that 1s positioned along the
edge of the filter assembly 5. Similar to protection device 1, the filter assembly & and the seal
14 define the first safety compartment 16, partially enclosing a volume that can cover a
user’s mouth and nose and seal tightly against the user’s face, such that anv air that enters the
user’s nose or mouth passes through the filter 8. Ag shown in Figure 10 and 11, the seal 14 1g
positioned behind the skirt 40, that is, proximal to a user’s face relative to the skirt 40,

[0062] Figure 19 15 a front perspective view of an example of a third embodiment
of a protection device 3 having a filter assembly 5 that is structured to surround and cover a
user’s nose and mouth to protect inhalation and ngestion of undesired material, and to form a
sealed compartinent 16 that encloses the user’s nose and mouth. Device 3 also has an upper
portion that includes a skirt 40 that extends to an eve shield 42, As described mn further detait
below, the seal 14 includes a first seal 20 positioned along the edges of a first compartment,
and a second seal 22 positioned along the edges of a second safety compartment 18 that 1s
structured to cover and surround a user’s eyes. Device 3 1s described in reference to Figures
19-27 which illustrate the example of the third embodiment, where Figure 19 15 a front
perspective view, Figure 20 1s a back perspective view, Figure 21 is a front view, Figure 22 15
a back view, Figure 23 15 a night-side view, Figure 24 15 a left-side view, Figure 25 15 a top
view, and Figure 26 15 a boitom view. Figure 27 18 an exploded view of this example of the
third embodunent and Hlustrates cortain features and characteristics that may not be able to
be seen in Figures 19-27. Note, for clarity of the illustrations, all of the corresponding
depictions of certain features i each of Figures 19-27 may not be enumerated even though
they illustrate different views of the same featurs. Protection device 3 may have many
structural features that are the same or similar to features of protection device | {as iHustrated
in Figures 1-9 and described above in reference 1o protection device 1) and device 2 (as
illustrated in Figures 10-18 and described above in reference to protection device 2} For
example, the filter assembly 5, the valve 38, the temple arms 44, 46, left and right brace 68,
71, the sar supports 48, 50, microphone 36, speakers 54, communication circuit 52, strap 66,
eyve shield 42, skirt 40, etc., and the description of any similar features of devices 1 and 2
apphies to device 3 as well. Protection device 3 also has some different structural features that

are different as discussed below.

21-

CA 03180474 2022-11-25



WO 2021/247403 PCT/US2021/034822

[0063] Protection device 3 also includes a skirt 40 that extends from the filier
assembly 5 to an eve shield 42, In various embodiment, the skirt 40 can be a rigid, semi-rigid
or g pliable material An upper portion of the skirt 40 is coupled to a lower portion of the eye
shield 42 along a bottom edge of the eve shield 42 forming a protective barrier that covers
the portion of a user’s face betwsen their mouth and nose, and their eves. The skirt 40 of
protection device 3 differs from the skirt of protection device 2 in that in device 3, the skirt
40 extends further to the left and right on the device such that when worn, the skirt 40
extends further around the user’s head. Also, the skirt 40 extends around the eye shield 42 to
a back edue of the device 3, to seal 14, In this embodiment, the upper portion of the device 3
ncludes a second safety compartment 18 that encloses a second volume 35 A portion of seal
14, second seal 22, 1y positioned along a peripheral proximal edge of the second safety
compartment I8, The second safety compartment 18 is shaped to be placed over the eves of a
user, enclosing a user’s eyes with the second seal positioned against the user’s face When
the device 3 1s worn, the first safety compartment 16 and the second safety compartment 18
enclose the user’s mouth/nose and eves (respectively ) sumultaneously, providing protection
from inhaling undesired matenal and protection from exposing eves to undesired material.

{364 Figure 28 tllustrates an example of a side view of 3 device 200 that 13
configured to be coupled to a filter for attaching the filter to a user’s face. Such devices
wclude, for example, a ngid or a senu-rigid frame that can wclude two arm assemblies 201
{c.g.. aleft arm assembly and a right arm assembly). Each arm assembly 201 can be attached
o one side of a filter (e.g., the left side and right side) and hold the filier thergbetween When
worn by a ugser, each arm assembly 201 extends along one side of the user’s head, the
proximal {front} end 220 of the arm assembly 201 coupled 1o the filter and the distal {back)
end 222 of the arm assembly 201 supported by the user’s ear. Bach arm assembly 201 can
ook sumilar, or identical Figure 28 illustrates an example of an arm assembly 201 that can
be a left arm assembly or a sight arm assembly.  In some embodiments, a portion of the
device 200, or the entite device 200 is formed from a transparent material.

[0865] The arm assembly 201 includes a temple arm 202 that 15 adapted to fit
alongside of a user’s head, for example, t0 be positioned adjacent to a user’s temple. The
temple arm 202 can be structured like the temple arms 44, 46 deseribed in reference to

devices 1-3 above. The temple arm 202 may be referred to a right and left temple arm m

o,
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reference fo the side of a user’s head the temple arm 18 configured to be positioned adjacent
0.

[0066] Such devices can also inchide one or more support structures 204 that
extend from a portion of a temple arm 202 and provide nigidity and support for holding a
filter tight against a user’s face. The support structures 204 can be formed from a eiretchable
rubber or a non-latex material, or can be rigid or semi-rigid In some embodiments, the
support structures are configured similar to the left brace 68 and the right brace 71 described
above in reference to protection devices 1-3. In some embodiments, a frame can be coupled
to each of the left and nght arm assemblies and can fully encircle a filier attached to the
device 200, or partially encircle the filter. In some embodiments, the filter can mclude a
valve that is bias closed, and configured to allow carbon dioxsde exhaled from a user to be
expelled from the device through the valve.

(6667 Fach arm assembly 201 can be coupled to a filter at one or more
attachment points. Fach arm assembly 201 can comprise a first fastener 208 positioned on a
proxunal end 220 of the temple arm 202 Bach anm assembly 202 can also include a second
fastener 210 at the distal end 213 of a brace 204, In use, for a right-side arm assembly, the
first fastener 208 19 atfached to an upper side portion of the filter on the right side of a filter,
and the second fastener 210 15 attached to a lower portion of the filter on the right side of the
filter. For the lefi-side arm assembly, the first fastener 208 is attached to an upper side
portion of the filter on the left side of a filter, and the second fastener 210 15 attached 1o a
lower portion of the filter on the left side of the filter. The right and left arm assemblies are
place on the respective sides of a user’s head, with the ear supports contacting the user’s earsg
to hold the device 200 and attached filter t¢ the user’s head. In some embodiments, one or
more cross-members extends between the feft and right arm assemblies and are coupled 0
the arm assemblies to provide connection between the arm assemblies and increase the
rigidity of the device 200 holding a filter. In some embodiments, all or part of the arm
assemblies comprises a streichable material.

(0068} in some embodiments, at least one fastener comprises a clamp. In some
embodiments, the clamp comprises a spring. In some embodiments, at least one fastener
comprises Velero, In some embodiments, at least one fastener comprises an adhesive In

some embodiments, at least one fastener comprises a staple In some embodiments, at least
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one fastener comprises a snap. In some embodiments, at lsast one fastener comprises a
buiton. In some embodiments, at least one fastener comprises rubber or plastic. In some
embodiments, at least one fastener comprises a material with a low melting point, such that
the material can be heated and adhered to filter. In some embodiments, the at least one
fastener attaches to a filter using a corresponding coupling structure on the filter For
example, the fastener may include an elongated cvlindrical member that fits into a
corresponding cvlindrical receptacle on the mask In some emboduments, one or more
portions of the frame comprise a slot which is shaped and sized such that a portion of a filter
can be placed nside the slot and held in place For example, the proximal end of the temple
arms may each coroprise a slot. In some examples, slot may be 0.1 — 25 wom long. The slot
may have a cross-sectional area that s shghtly smaller than the thickness of a filter matenal
such that the filter material may be pushed into the slot and held in place by friction. In some
embodiments, the slot mcludes one or more teeth or other protruding structures that are
configured to contact a portion of the filter placed in the slot and hold the filter in place in the
slot. In some embodiments, other portions of the frame include such slots. For example, the
fower end of the first support and the second support may alse mclude a slot {or another type
of fastener}.

(00691 in some embodiments, an arm assembly 201 comprises a rigid or seny
rigid plastic. In some embodiments, the arm assembly comprises an elastomeric maierial. In
some embodiments, at least one of the first or second temple arms 202 comprises an ear
support 206 having curved portion configured to be posttioned behind the ear of a user when
the user 15 wearing the device. In some embodiments, the device 200 mncludes a
commrunication circuit, for example, a wireless transceiver. In some embodiments, at least
one arm assemnbly 201 comprises an earpiece 212 configured to produce sound. In some
embodiments, the device 200 further comprises a wireless receiver coupled to the ear piece.
In some embodiments, the wireless receiver is configured to use a Bluetooth protocol for
communication. In other examples, any other wireless protocol may be used In some
embodiments, the device 200 further comprises a recerver with a wired connection coupled to
the earpiece such that the receiver can be attached by the wired connection to a computer, a

cell phone, and the like.
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(0070 in some embodiments, the device 200 further includes a filter coupled to
the frame. The filter is configured to prevent airborne material from passing through the
filter. In some embodiments, the filter is configuwred to prevent 90% of airborne solid
particlies from passing through the filter. In some embodimenis, the filter is configured to

preveni about 91%, 92%, 93%: 94%. 95%., 96%, 97%, 98%, 99%, or more than 99% (+/-

(5%}, of airborne solid particles from passing through the filter.

(067 1 Another mmnovation includes a method of preventing inhalation of
undesired material, the method comprising providing a device 200 having a frame for
holding a filter, the frame including a first temple arm having a fastener configured to be
coupled to a portion of a filter, a second temple arm baving a fastener couofigured to be
coupled to a portion of the filter, a first support having a {ust end coupled to the first temple
arm and a second end having a fastener configured to be coupled to a portion of the filter,
and a second support having a first end coupled to the second temple arm and a second end
having a fastener configured to be coupled to a portion of the filter, coupling a filter to the
first temple amm, the second temiple arm, the first support, and the second support, and
posifioning the device on the head of a user such that the filter covers the user’s nose and
mouth, and the first temple arm 1s positioned adjacent 1o the wser’s right temple and the
second temple arm 18 positioned adjacent to the user’s left temple.

(072 Another nnovation includes a device 200, comprising a frame for holding
a filter, the frame including a first temple arm having a proximal end and a distal end, the
first temple arm including a fastener positioned on the proximal end for coupling the first
temple arm to a filter, the distal end structured to be positioned alongside a temple of a user
wearing the device, a second temple arm having a proximal end and a distal end, the second
temple arm including a fastener positioned on the proximal end for coupling the second
temiple arm 1o a filter, the distal end structured to be positioned alongside a temple of a user
wearing the device, and a first support having a first end coupled to the first temple arm and a
second end including a fastener configured for coupling the first support to a portion of the
filter, and a second support having a first end coupled 1o the second temple arm and a second
end including a fastener configured for coupling the second support {0 a portion of the filter,

{067 3] In some embodiments, the fasteners are releasably attachable to the filter.

In some embodiments, the device further includes a filter coupled to the first terople arm, the
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second temple arm, the first support, and the second suppori In some embodiments, the
frame further comprises a bridge structure connecting the proximal end of the first temple
arm to the proximal end of the second temple arm. In some embodiments, the frame further
comprises a lower member coupled to the second end of the first support and the second end
of the second support. In soms embodiments, the frame further comprises a lower mamber
coupled to the second end of the first support and the second end of the second support, a
first side member coupled to the proximal end of the first temple arm and coupled to the
fower end of the first support, and a second side member coupled to the proximal end of the

second temple arm and coupled to the lower end of the second support.

Implementation Consideration

(007 4] The foregoing description details ceriain embodiments of the svstems,
devices, and methods disclosed heremn. Tt will be appreciated, however, that no matter how
detasled the foregoing appears 1n text, the systems, devices, and methods can be practiced in
many ways. As s also stated above, 1t should be noted that the use of particular terminclogy
when describing certain features or aspects of the invention should vot be taken to imply that
the terminology s being re-defined herem to be restricted to including any specific
characteristics of the features or aspects of the technology with which that termmology 15
associated.

a¢ 2

(007 5] Conditional language such as, among others, “can,” “could,

23 4¢

might” or
“may.)” unless specifically stated otherwise, are otherwise understood within the context as
used m general to convey that certain embodiments melude, while other embodiments do not
mciude, certain features, elements and/or steps. Thus, such conditional language 158 not
generally intended to imply that features, elements and/or steps are in any way required for
one or more embodiments or that one or more embodiments necessarily mclude logic for
deciding, with or without user input or prompting, whether these features, elements and/or
steps are included or are to be performed in any particular embodiment.

[0876] Headings are included herein for reference and to aid n locating various
sections. These headings are not intended io limit the scope of the concepts described with

respect thereto. Such concepis may have applicability throughout the entire specification.
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106771 Many variations and modifications may be made to the above-described
embodiments, the elements of which are 0 be understood as being among other accepiable
examples. All such modifications and variations are intended to be included herein within the
scope of this disclosure. The foregoing description details certain embodiments. It will be
appreciated, however, that no matter how detatled the foregoing appears in text, the systems
and methods can be practiced in many ways. As is also stated above, it should be noted that
the use of particular terminclogy when describing certain features or aspects of the systems
and methods should not be taken to imply that the terminology is being re-defined herein to
be restricted to including any specific characteristics of the features or aspects of the systems
and methods with which that termmology s associated.

{067 81 1t will also be understood that, when a feature or element (for example, a
structural feature or element) is referred to as being “connected”, “attached” or “coupled” to
another feature or element, 1t may be directly connected, attached or coupled to the other
feature or element or intervening features or elements may be preseni. In contrast, when a

L3

feature or element s referred to as being “directly connected”, “directly attached” or
“directly coupled” ito another feature or element, there may be no interveming features or
elements present. Although described or shown with respect to one embaodiment, the features
and elements so described or shown may apply to other embodiments. It will also be
apprecated by those of skill in the art that references to a structure or feature that 15 disposed
“adiacent” another feature may have portions that overlap or underlie the adjacent feature.
(8979 Terminology wsed heremny is for the purpose of describing particular
embodiments and implementations only and 1s not intended to be Hmiting. For example, as

<6, 2

used herein, the singular forms “a”, “an” and “the” may be intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further understood that
the terms “comprises” and/or “comprising,” when used in this specification, specify the
presence of stated features, steps, operations, processes, functions, elements, and/or
components, but do not preclude the presence or addition of one or more other features,
steps, operations, processes, functions, elements, components, and/or groups thereof. As used
heremn, the term “and/or” includes any and all combinations of one or more of the assooated

2
[l

listed tiems and may be abbreviated as

27
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(0080 in the descriptions above and in the claims, phrases such as “at least one
of " or “one or more of” may occur followed by a conjunctive list of elements or features. The
term “and/or” may also occur in a list of two or mors elements or features. Unless otherwise
implicitly or explicitly contradicted by the context in which it used, such a phrase is intended
to mean any of the listed elements or features individually or any of the recited elements or
features in combination with any of the other recited elements or features. For example, the
phrases “at least one of A and B;” “one or more of A and B;” and “A and/or B are each
intended to mean A alone, B slone, or A and B together.” A similar interpretation is also
mitended for lists including three or more items. For example, the phrases “at least one of A,
B, and C.” “one or more of A, B, and C,;” and "A, B, and/or C” are each intended to mean “A
alone, B alone, C alone, A and B together, A and C together, B and C together, or A and B
and { topether” Use of the term “hased on,” above and in the claims is intended to mean,
“hased at feast in part on,” such that an unrecited feature or element is also permissihle

[0081] Spatially relative terms, such as “forward”, “rearward”, “under”, “below”,
“lower”, “over”, “upper” and the like, mayv be used heremn for ease of description to describe
one element or feature’s relationship to another element(s) or feature(s) as lustrated in the
figures. It will he understood that the spatially relative terms are mtended o encompass
dittferent orientations of the device i use or operation in addition to the orientation depicted
w the figures, For example, it a device i the figures 15 1overied, elements described as
“under” or “beneath” other elements or featores would then be oriented “over” the other
elements or features due to the wmverted state. Thus, the term “under” mayv encompass both an
origntation of over and under, depending on the point of reference or orientation. The device
may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein interpreted accordingly. Similarly, the terms “upwardly”,

Ex

“downwardly”, “vertical”, “horizontal” and the ke may be used herein for the purpose of
explanation only unless specifically indicated otherwise.

[0082] As used herein in the specification and claims, ncluding as used in the
examples and unless otherwise expressly specified, all numbers may be read as if prefaced by

N

the word “about” or “approximately,” even if the term does not expressly appear. The phrase

“aboul” or “approximalely” may be used when describing magnitude and/or position o

ndicate that the value and/or postiton described 1s within a reasonable expecied range of

8-
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values and/or positions. For example, a numeric value may have a value that is +/- 0.1% of
the stated value (or range of values), +/- 1% of the stated value (or range of valuss), +/- 2%
of the stated value (or range of values), +/- 5% of the stated value {or range of values}, +/-
10% of the stated value {or range of values), etc. Any numerical values given herein should
also be understood to mclude about or approximately that value, unless the context indicates
otherwise.

[0083] For example, if the value “10” is disclosed, then “about 107 is also
disciosed. Any numerical range recited herein is intended to include all sub-ranges subsumed
therein. It is also undersiood that when a value 1s disclosed that “less than or equal 1o the
value, “greater than or equal to the value” and possible ranges between values are also
disclosed, as appropriately understood by the skilled artisan. For example, if the value "X 13
disciosed the “less than or equal to X7 as well as “greater than or egual to X7 (e g, where X
15 a mumerical value) s also disclosed Tt i¢ also understood that the throughout the
apphication, data is provided i a number of different formats, and that this data, may
represent endpoinds or starting pounts, and ranges for any combwmation of the data points. For
example, it a particular data point “107 and a particular data point “157 may be disclosed, 1
13 understood that greater than, greater than or equal to, less than, less than or equal to, and
equal to 10 and 15 may be considered disclosed as well as between 10 and 15, It 13 also
understood that each unit between two particular units may be also disclosed. For example, if
10 and 15 may be disclosed, then 11, 12, 13, and 14 may be also disclosed.

[8084] Although various illustrative embodiments have been disclosed, any of a
number of changss may be made (o various embodiments without departing from the
teachings herein. For example, the order i which various described method steps are
performed may be changed or reconfigured o different or alternative embodiments, and in
other embodiments one or more method steps may be skipped altogether. Optional or
desirable features of various device and system embodiments may be included in some
embodiments and not in others. Therefore, the foregoing description 13 provided primarily for
the purpose of example and should not be interpreted to limit the scope of the claims and
specific embodiments or particular details or features disclosed.

[0085] The examples and illustrations inciluded herem show, by way of

itlustration and not of limitation, specific embodiments m which the disclosed subject matter
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may be practiced. As meniioned, other embodiments may be utilized and derived therefrom,
such that structural and logical substitutions and changes may be made without departing
from the scope of this disclosure. Such embodiments of the disclosed subject matier may be
referred to herein individually or collectively by the term “invention” merely for convenience
and without mtending to voluntarily limit the scope of this application to any single invention
or inveniive concept, if more than one is, in fact, disclosed. Thus, although specific
embodiments have been illustrated and described herein, any arrangement calculated to
achieve an intended, practical or disclosed purpose, whether explicitly stated or implied, may
be substituted for the specific embodimenis shown. This disclosure is intended to cover any
and all adapiations or vanatons of various embodiments. Combinations of the above
embodiments, and other embodimenis not specifically described herein, will be apparent to
those of skill in the art upon reviewing the above description.

[6686] The disclosed subject matter has been provided here with reference to one
or more features or embodiments. Those skilled in the art will recognize and appreciate that,
despite of the detailed nature of the example embodiments provided here, changes and
modifications may be applied to said emboduments without limuting or departing from the
generally intended scope.  These and various other adaptations and combinations of the
emboduments provided here are within the scope of the disclosed subject matter as defined by

the disclosed elements and features and thewr full set of equivalents.

-30-
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WHAT IS CLAIMED IN:

1. A protection device, comprising:

a filter assembly having a proximal side for positioning near a user’s face and
a distal side, the filter assembly comprising:

a filter;

a proximal laver and a distal laver, the proximal layer and the distal
faver each having a plurality of perforations that aliow air to pass through, the
file assembly configured to hold the filter between the proximal layer and the
distal layer;

a one-way valve positioned i a center portion of the filter assembly
and coupled to the proxuval layer of the filter asserubly, the valve configured
o allow air to pass through the valve from the proxumal side of the filter
assembly to the distal side of the filter assembly;

a seal positioned along a peripheral edge of the filter assernbly, the filter
assembly and the seal defiming a first safety compartment for enclosing a user’s
mouth and nose; and

a frame assembly coupled to the filter assembly and structored to attach the
protection device to the head of a user, the frame assembly comprising

a left temple arm having a proximal end coupled to the filter assembly;

a right temple arm having a proximal end coupled to the filter
assembly;

a left temple arm brace coupled to the left temple arm and extending
towards a lower portion of the filter assembly and coupled to the filter
assembly; and

a right temple arm brace coupled to the left temple arm and extending
towards a lower portion of the filter assembly and coupled to the filter
assembly.

2. The protection device of claim 1, further comprising a lefl ear support on a distal

end of the left temple arm distal and a night ear support on a distal end of the right temple

-31-
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arm, the left and right ear supports structured to extend around a portion of the user’s ears to

hold the protection device securely on the user.
3. The protection device of claim 1, further comprising a commumication circuit.

4. The protection device of claim 3, wherein the communication circuit includes a

microphone

5. The protection device of claim 4, wherein the microphone is positioned on the

valve.

~

6. The protection device of claim 3, wherein the communication circuit includes a

hattery.

7. The protection device of claim 3, wherein the communication circuit includes at

{east one speaker.

8. The protection device of claim 7, wherein the protection device further comprises
{eft and right ear supports, and the at least one speaker 1S positioned i one or both of the left

and right ear supports,

9. The protection device of claim 3, wherein the communications circuit is

configured to communicate with another device via a wired or wireless connection.

10, The proteciion device of clatm 3, wheremn the protection device further comprises
left and right ear supports, wherein at least a portion of the comumunication circuit 1s

positioned in the left and right ear supports.

11, The protection device of claim 1, wherein the filter includes a proximal surface
and a distal surface, and wherein the protection device further comprises UV-C Light emitting

diode (LED) posttioned to emit UV-C radiation on 2 portion of the distal surface of the {ilter.

12. The protection device of claim 1, wherein the filter includes a proximal surface

and a distal surface, and wherein the protection device further comprises UV-C two or more
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light emitting diodes (LED s} positioned to emit UV-C radiation on a portion of the distal

surface of the filter that 1s on the left and right side of the one-way valve.

13. The protection device of claim 12, wherein the two UV-{ LEDY s are a first set of

LED s and are coupled to the one-way valve.

14. The protection device of claim 13, further comprising a second set of one o1 more
UC-V LED s coupled to the one-way valve, the second set of UV-C LEDY's positioned to

emit light on an outer surface of the disial laver of the filter assembly.

15 The protection device of claim 14, wherein the second set of UV-C LED’s

mcludes two UV-C LEDY s,

16. The protection device of claun 1, wheren the proximal and distal laver each

coroprises a plurality of openings arranged in a pattern.

17 The protection device of claun 1, wherein the distal laver and the filter are
removably attachable to the filter assembly, the one-way valve 1s coupled to the proxumal
fayer of the filter assembly, and the filter incudes an opening shaped and sized to fit closely
around the one-way valve when the filter 15 sandwiched between the disial faver and the

proximal layer of the filter assembly.

18. The protection device of claim 17, wherein the distal laver and the proximal laver
include corresponding and aligned fasteners positioned along peripheral edges of the distal

and proximal layers for coupling the distal layer to the proximal layer.

19, The protection device of claim 1, further comprising a safety strap connected to

the left temple arm and the right temple arm for positioning behind the head of a user.

20. The protection device of claim 1, wherein the filter assembly comprises a

transparent material.
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21. A protection device, comprising

a filter assembly having a proximal side for positioning near a user’s face and

a distal side, the filter assembly comprising:

a filter;

a proximal layer and a distal laver, the proximal layer and the distal
layer each having a plurality of perforations that aliow air to pass through, the
file assembly configured to hold the filter between the proximal layer and the
distal laver;

a one-way valve positioned m a center portion of the filter assembly
and coupled to the proximal layer of the filter assembly, the valve configured
to allow air to pass through the valve from the proximal side of the filter
assembly to the distal side of the filter assembly;

a seal posttioned along a peripheral edge of the filter assembly, the filter

assembly and the seal defining a first safety compartment for enclosing a user’s

mouth and nose;

an eye shicld assembly having a proximal side and a distal side, and the eve

shicld assembly forming an upper portion of the protection device, the eye shield

assembly comprising

a skirt extending from the filter assembly and positioned distal to the
seal, the skirt comprising a semi-rigid or rigid material; and

an optically transparent eve shield coupled to the skirt to form a
continucus surface from the filter assembly to a top portion of the eye shield;
and

a frame assembly coupled to the filter assembly and structured to attach the

protection device to the head of a user, the frame assembly comprising

a left temple arm having a proximal end coupled to the filter assembly;

a right temple arm having a proximal end coupled to the filter
assembly;

a left temple arm brace coupled to the left temple arm and extending
towards a lower portion of the filter assembly and coupled to the filter

assembly; and
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a right temple arm brace coupled to the left temple arm and extending
towards a lower portton of the filter assembly and coupled to the filter

assembly.

22, The protection device of claim 21, further comprising a left ear support on a distal
end of the left temple arm distal and a right ear support on a distal end of the right temple
arm, the left and right ear supports structured to extend around a portion of the user’s ears to

hold the protection device securely on the user.
23, The protection device of claim 21, further comprising a communication circuit,

24, The protection device of claim 23, wherem the communication circut weludes a

mucrophone.

2y

5. The protection device of claim 24, wherein the microphone 15 positioned on the

valve.

26. The protection device of claim 23, wheren the communication circuit meludes a

battery.

27. The protection device of claim 23, wherein the communication circuit includes at

least one speaker.

28 The protection device of claim 27, wherein the protection device further
comprises left and right ear supports, and the at least one speaker is positioned in one or both

of the left and right ear supports.

29. The protection device of claim 23, wherein the comumunications circuit is

configured to communicate with another device via a wired or wireless connection.

30, The protection device of claim 23, wherein the protection device further
comprises left and right ear supports, wherein at least a portion of the communication curout

18 positioned in the left and right ear supports.
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31. The protection device of claim 21, wherein the filter includes a proximal surface
and a distal surface, and wherein the protection device further comprises UV-C light emitting

diods (LED) posttioned to emit UV-C radiation on a portion of the distal surface of the filter.

3Z2. The protection device of claim 21, wherem the filter mcludes a proxamal surface
and a distal surface, and wherein the protection device further comprises UV-C iwo or more
light emitting diodes (LEI} '3} posttioned to enmut UV-{ radiation on a portion of the distal

surface of the filter that is on the left and right side of the one-way valve.

33, The protection device of claim 32, wherein the two UV-C LEDY s are a first set of

LEIY s and are coupled to the one-way valve.

34, The protection device of claim 33, further comprising a second set of one or more
VIC-V LED’s coupled to the one-way valve, the second set of UUV-C LET s positioned to

emit light on an outer surface of the distal layer of the filter assembly.

35 The protection device of claim 34, wherein the second set of UV-C LEDYs

mcludes two UV-C LED s,

36. The protection device of claim 21, wherein the proximal and distal layer each

comprises a plurality of openings arranged in a pattern.

37 The protection device of claim 21, wherein the disial layer and the filter are
removably attachable to the filier assembly, the one-way valve is coupled to the proximal
layer of the filter assembly, and the filter incudes an opening shaped and sized to fit closely
around the one-way valve when the filter is sandwiched berween the distal layer and the

proximal layer of the filter assembly.

38. The protection device of claim 37, wherein the distal layer and the proximal laver
include corresponding and aligned fasteners positioned along peripheral edpes of the distal

and proximal layers for coupling the distal layer to the proximal laver.

39. The protection device of claim 21, wherein the device further comprises further

comprising a safety strap connected to the left temple arm and the right templs arm for
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positioning behind the head of a user, and wherein the seal comprises pliable rubber, silicon,

or another non-latex material that allows the seal to conform to a user’s face and provide an

airtight seal of the first safety compartment along its peripheral edge.

40, The protection device of claim 21, wherein the filter assembly and the eye shield

assembly mcluding the skirt comprise a transparent material,

CA 03180474 2022-11-25

41. A protection device, comprising:

a filter assembly having a proximal side for positioning near a user’s face and

a distal side, the filter assembly comprising:

a filter;

a proximal layer and a distal laver, the proximal laver and the distal
layer each having a plurality of perforations that aliow air to pass through, the
file assembly configured to hold the filter between the proximal laver and the
distal layer;

a one-way valve positioned i a center portion of the filter assembly
and coupled to the proximal layer of the filter assembly, the valve configured
to allow atr o pass through the valve from the proxumal side of the filter
assernbly to the distal side of the filter assembly;

a seal positioned along a peripheral edge of the filter assernbly, the filter

assembly and the seal defiming a first safety compartment for enclosing a user’s

mouth and nose;

an eve shield assembly having a proximal side and a distal side, and the eye

shield assembly forming an upper portion of the protection device, the eye shield

assembly comprising

a skirt extending from the filter assembiy and positioned distal to the
seal, the skirt comprising a semi-rigid or rigid material, and

an optically transparent eve shield coupled to the skist o form a
continuous surface from the filter assembly to a top portion of the eve shield,
wherein the seal is further positioned along a peripheral edge of the eve shield
assembly, the cye shield assembly and the scal defining a sceond safety

compartment for enclosing a user’s eves, wherein the first safety compartment

-37-



WO 2021/247403 PCT/US2021/034822

15 separate from the second safetv compartment when worn bv a user such that
air cannot flow between the first safety compartment and the second safety
compartment; and

a frame assembly coupled to the filter assembly and structured to attach the

protection device to the head of a user, the frame assembly comprising

a left temple arm having a proximal end coupled to the filter assembly;

a right temple arm having a proxumal end coupled to the fikter
assembly;

a left temple arm brace coupled to the left temple arm and extending
towards a lower portion of the filter assembly and coupled o the filter
assernbly; and

a right temple arm brace coupled to the left termple arm and extending
towards a lower portiom of the filter assembly and coupled to the filter

assembly.

42, The protection device of claim 41, further comprising a left ear support on a distal

end of the left temple arm distal and a right ear support on a distal end of the right temple

arm, the feft and right ear supports structured to extend arcund a portion of the user’s ears to

hold the protection device securely on the user,

microphone.

valve.

battery.

A

43. The protection device of claim 41, further comprising a communication Circuit.

44, The protection device of claim 43, wherem the communication circuit mcludes a

. The protection device of claim 44, wherein the microphone is positioned on the

5. The protection device of claim 43, wherein the communication circuit mncludes a

47. The protection device of claim 43, wherein the communication circuit includes at

{east one speaker.

CA 03180474 2022-11-25
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48. The protection device of claim 47, wherein the protection device further
comprises feft and right ear supports, and the at least one speaker is positioned in one or both

of the left and right ear supports.

49 The protection device of claim 43, wherein the communications circuit s

configured to communicate with another device via a wired or wireless conneciion.

50. The protection device of claim 43, wherein the protection device further
comprises left and night ear supports, wherein at least a portion of the communication circuit

is positioned in the left and right ear supports.

531. The protection device of claim 41, wherein the filter includes a proximal surface
and a distal surface, and wherein the protection device further comprises UV-C light emitting

diode (LED) positioned to emit UV-C radiation on g portion of the distal surface of the filter.

52. The protection device of claim 41, wherein the filter includes 2 proximal surface
and a distal surface, and wherein the protection device further comprises UV-C two or more
fight emitting diodes (LED s} posttioned to emut UV-C radiation on a portion of the distal

surface of the filter that i¢ on the left and right side of the one-way valve.

33. The protection device of claim 32, wherein the two UV-C LED s are a first set of

LED's and are coupled to the one-way valve.

54. The protection device of claim 53, further comprising a second set of one or more
LIC-V LED s coupled to the one-way valve, the second set of UV-C LED s positioned o

emit light on an outer surface of the disial layer of the filter assembly.

55 The protection device of claim 34, wherein the second set of UV-C LEDYs

mcludes two UV-C LED s

56. The protection device of claim 41, wherein the proximal and distal layer each

comprise a plurality of openings arranged in a pattern,
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57 The protection device of claim 41, wherein the distal layer and the filter are
removably attachable to the filter assembly, the one-way valve 1s coupled to the proximal
layer of the filter assembly, and the filter incudes an opening shaped and sized to it closely
around the one-way valve when the filter s sandwiched between the disial layer and the

proximal layer of the filter assembly.

58. The protection device of claim 57, wherein the distal laver and the proximal layver
mneclude corresponding and aligned fasteners positioned along peripheral edges of the distal

and proxiumal layers for coupling the distal laver to the proximal laver.

59. The protection device of claam 41, wherein the device further comprises further
comprising a safety strap coumnected to the left temple arm and the right teraple arm for
positioning behind the head of a user, and wherein the seal comprises pliable rubber, silicon,
or another non-latex matenial that allows the seal to conform to a user’s face and provide an

airtight seal of the first safety compartment along its peripheral edge.

60, The protection device of claim 21, wherein the filter assembly and the eyve shield

assembly mchuihng the skirt comprise a transparent matenal.

61, A device, comprising:
a frame for holding a filter, the frame including
a first temple arm configured to be coupled to a portion of a filter; and

a second temple arm configured to be coupled to a poriion of the filier,

62. The device of clanm 61, wheremn first temple anm comprises a fust fastener
positioned on a proximal end of the temple arm, and wherein the second temple arm

comprises a second fastener positioned on a proximal end of the second temple arm.
63, The device of claim 62, wherein the frame further includes a first support having
a first end coupled to the first temple arm and a second end configured to be coupled to a

portion of the filter; and a second support having a fust end coupled {6 the second temple

arm and a second end configured to be coupled to the {ilter
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64. The device of claim 63, wherein first support comprises a third fastener
positioned on the second end of the first support, and wherein the second support comprises a

fourth fastener positioned on the second end of the second suppeort.

65, The device of any one of ¢laims 62-64, wherein at least one fastener comprises a

66. The device of claim 65, wherein the clamp comprises a spring.

. The device of any one of clauns 62-64, wherein at least one fastener comprises

Velero.

8. The device of anv one of claims 62-64, wherein at least one fastener comprises an

adhesive,

&9, The device of any one of claims 62-64, wherein at least one fastener comprises a

70. The device of any one of claims 62-064, wherein at least one fastener comprises a

SNAap.

71. The device of any one of claims 62-04, wherein at least one fastenar comprises a

button.

72. The device of claim 61, wherein the frame comprises hard plastic.

~J
[O8]

. The device of claim 61, wherein the frame comprises an elastomeric material,

7

N

1. The device of claim 61, wherein at least one of the first or second temple arms

comprises a curved portion configured 1o be positioned behind the ear of a user.

75. The device of claim 74, wherein at least one of the first or second temple arms

comprises an earpiece configured to produce sound.
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piece.

76. The device of claim 75, further comprising a wireless receiver coupled to the ear

77 The device of claim 63, wherein the first and second supports comprise a

stretchable material,

78 The device of claim 61, wherein the frame comprises a fastener configured {o be

coupled to a corresponding fastener on a filter.

CA 03180474 2022-11-25

79. The device of claim 51, further comprising the filter.

80. A method of preventing inhalation of undesired material, the method comprising:

providing a device having a frame for holding a filter, the frame including

a first temple arm having a fastener configured to be coupled to a
portion of a filter;

a second temple arm having a fastener configured to be coupled to a
portion of the filter;

a first support having a first end coupled to the first temple arm and a
second end baving a fastener configured io be coupled to a portion of the
filter, and

a second support having a first end coupled to the second temple arm
and a second end having a fastener configured o be coupled to a portion of
the filter;

couphing a filier to the first temple amm, the second terople arm, the first

support, and the second support;, and

posiiioning the device on the head of a user such that the filter covers the

user’s nose and mouth, and the first temple arm 15 positioned adjacent to the user’s

right termple and the second temple arm 1s positioned adjacent to the user’s left

81. A device, comprising:

a frame for holding a filter, the frame including

47
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a first temple arm having a proximal end and a distal end, the first
temple arm including a fastener positioned on the proximal end for coupling
the first temple arm to a filter, the distal end structured to be positioned
alongside a temple of 3 user wearing the device;

a second temple arm having a proximal end and a distal end, the
second temple arm including a fastener positioned on the proximal end for
coupling the second temple arm to a filter, the distal end structured to be
positioned alongside a temple of a user wearing the device; and

a first support having a first end coupled to the first temple arm and a
second end mcluding a fastener configured for coupling the fust support to a
portion of the filter; and

a second support having a first end coupled to the second temple arm
and a second end mcluding a fastener configured for coupling the second

suppori to a portion of the filter.

82. The device of claim 81, where the fastevers are releasably attachable to the filter.

83. The device of claum 81, further comprising a filter coupled to the furst temiple arm,

the second temple arm, the first support, and the second support.

84, The device of claim 81, wherain the frame further comprises a bridge structure
connecting the proximal end of the first temple arm to the proximal end of the second temple

arm.

85. The device of claim ¥3, wherein the frame further comprises a lower member

coupled to the second end of the first suppori and the second end of the second support.

86. The device of claim &1, wherein the frame further comprises:

a lower member coupled to the second end of the first support and the second
end of the second support;

a first side member coupled to the proximal end of the first temple arm and

coupled to the lower end of the first support; and
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a second side member couplad o the proximal end of the second temple arm

and coupled to the lower end of the second support.
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