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BACKGROUND OF THE INVEN-TION '
The present invention relates generally to eye-wear and more parmularly
to eye-wear using magnets for attachment.
Auxiliary ﬁ'ames with lenses have been used for decades to augment

deficiencies in primary frames. For example, the auxllxary frames may be for

magmﬁrmg purposes, or may transform the primary ﬁ'ames into sunglasses.

For decades, people around the world have been creating numerous
ingenious methods to attach the auxiliary frames onto: the primary frames. In
one line of approaches, thé auxiliary frames are chpped onto the lenses of the
primary frames. Not only do such clips obstruct the wearel‘s vision, they may
scratch the lenses of the primary frames. To alleviate: t_he defect of view
obstruction, there are designs using small cﬁps at the edges of the frames.
However, these small clips still create scratches on the lenses and the primary
frames; and attaching these auxiliary frames with small chps requires some
maneuvering with two hands, and it would not be easy to do so, for example, if

""one s driving. Also, to detach such an auxiliary frame from its primary frame,

" - one typically have to push down at its bridge and warp:the frames outward on

both sides of the lenses. Itis not uncommon for sueh _actxons to permanently
deform the auxiliary frame. s
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- Another approach uses tv&o paifs of magnets instead of clips, with one

pair on the primary frame and the other on the auxiliar'y'ﬁ"ame The magnets are

~located on the plane of the lenses, and are close to the temples of the frames.

Since they are on the plane of the lenses, they have tobe carefully designed so
that they-can blend.mto the general style of the frame, u_n__thout being too

" conspicuqus'. One way is to make the magnets very small. With gravity pulling

the auxiliary frame away from its primary frame, the magnets have to be of

 certain size so as to have suﬁclent magnetic power to hold the auxiliary frame to

the pnmary frame.
One reason for the magnets to be close to the temples is that the pair of

magnets on a frame should be as far apart as possible Thxs is to ensure the
auxihaxy frame to be right over the primary frame, not only at the locations close
- to the bridges of the -ﬁ-ames, but also at the locations close to the arms of the
. frames. waever,' in order to have suﬁcienf coupling power, the magnets on -
‘the auxiliary frame have to match in both locations and orientations to the
_ magnets on the primary frame. This is not an easy taslg especxaﬂy because the
' magnets are typxcally very small for stylistic reasons. '

The.further away the pair of magnets are on a frame, the more difficult it
is to-align them in both locations and orientations to magnets on another frame.
First, i imagine the magnets in a primary frame are shghﬂy off in locations from

N thosemanamnharyﬂ‘ame Smcethemagnetsarequltesmall, slight

nusalxgnment in the locanons would significantly reduce- magnetlc coupling

 between the ﬁ'ames Next, imagine one small magnet m:' e primary frame is
-different in onentatxon from its corresponding magnet the auxiliary frame.

This can happen, for example, if the auxiliary frame has been slightly twisted—the

* magnitude of the difference is proportional to the dxstance between the pair of
magnets on the frame. Two magnets may not even b able to couple together if

they have different orientations. Misalignment in locaxxons or orientations not

- only adversely affects the coupling power of the auxxhary frame to the primary
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frame, but also creates an unpleasant outward -appearan@:e for the wearer,

' especf;ially when the Mliaw frame is tilted relative to the primary frame.

1t should be'apparent from the foregoing that there is a need for
improved methods and apparatus to attach auxiliary frames to primary frames so

* that auxikiary frames can be easily, firmly and elegantly attached to primary

frames.

' SUMMARY OF THE INVENTION
The present invention provides methods and apparatus to easily, firmly

- and elegantly attach auxiliary frames to primary frames, based on magnetic
. _membérs at the bridges of frames. The invention has numerous advantages. For
' e:mnple, it creates a very strong support for attaching anidliary frames to

primary frames, it is relatively easy to manufacture, it is easier to blend into the
general deéigr} of frames, and it makes the auxiliary frames easily applicable to
pnmary frames even with just one hand. |

In one embodiment, the magnet at the auxiliary frame does not couple to
the magnet at the primary frame on the plane of the lenses or the frontal plane.
Instead, the magnet at the bridge of the auxiliary frame sits on the magnet at the
primary frame. Coupling at a different plane, based on the present invention,
reduces the difficulty in aligning the auxiliary frame over the primary frame, not
only. at the locations close to the bridges of the frames, but also at the locations
close to the arms of the frames. o

With the magnetic members at the bridges, there are many other
advantages. The magnets are much less conspicuous than magnets disposed on
the plane of lenses, making them easier to design and to blend them into the
general style of frames. Gravity, instead of adversely aﬁ‘ecung the coupling of
the auxiliary frames to the primary frames, helps to keep them together.

Also, even if there are more than one magnet ata bridge, since the bridge

is short, the magnets are in close proximity. This reducés the difficulty in
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aligning the locations and the orientations of the magnets in the auxiliary frame

to those in the primary frame. In one embodiment where soldering is required,

one only has to solder the 'bridgé to the retaining mechanisms holding the lenses.

 This requires four soldering steps for both the auxiliary and primary frames: Two
_for the bridge at the primary frame to the two retaining mechanisms on either

end of the bridge, and two for the bridge at the auxiliary frame to its retaining
mechanisms. However, if the magnets are at the temples on the arms of the
primary frame, one probably has to perform eight soldering steps: Two for the

 bridge at the primary frame to the two retaining mechanisms, two for the bridge
' at the auxiliary frame to its two retaining mechanisms, two for the retaining

mechanisms to their corresponding arms for the primary frame, and two for the
retaining ﬁwchanisms to their corresponding short arms for the auxiliary frame.
With more'soldeﬁhg- requil.'ed, it is more difficult to match the locations and
orientations of magnets.

- In one embodiment, before magnets aré assembled into the bridges, the
bridges of both the primary and the auxiliary frames are made together, in one

.-~ molding process. In another embodiment, both types of bridges are generated

from the same mold before they are connected to their corresponding retaining
mechanisms. Such manufacturing processes significantly enhance the matching

_ inlocations and orientations of the magnets in the auxiliary frame to those in the

primary frame. Moreover, such manufacturing processes enhance the matching
in the curvatures of the bridges of the primary frames to the curvatures of the
bridges of the auxiliary frames. |

Not only is the present invention more elegant, easier to design, easier to
manufacnne and more secure in attachment than prior art approaches, a person
can easily use one hand to attach an auxﬂxary frame onto a primary frame of the
present invention. '

In one embodiment, a first frame of an eyeglass device includes a bridge
with a magnetic member, and two retaining mechaf:isms for supporting a pair of
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lenses. The dtainihg mechanisms defines a frontal p‘lane ‘which is the plane of
the lenses, or the plane in front of the face of a wearer of the eyeglass device.
The bridge connects the two retaining mechanism and holds them together. The
magnetic member at the bridge magnetically couples to ‘another magnetic
member at the bndge of 2 second frame. The coupling can occurat a couplmg
surface on the seqond.-ﬁ*ame that is substantially perpex;dleular to the frontal
plane. When coupled, the second frame is attached to the first frame. Due to
the location of the::eoupling, one of the frames is restricted from moving
downwards relatzve t0 the other frame. The magnetic ‘member at the bridge of

| theﬁrstﬁ'amecanbeapemanentma@et

"In another’ __er_r_;bodlment, the magnetic member at the bridge of the first
frame is in the shape of a cavity so as to receive the second frame's magnetic-

- member, which lsm the shape of a protrusion that can ﬁt into the cavity. Inyet -

another enibodimen'g the magnetic member at the bridge of the first frame
comprises two separate parts, with each part being adjacent to one of the
retaining mechamsms

The second frame can be the primary frame, and the first frame can be
the auxiliary ﬁ'ame,_. In one embodiment, the auxiliary frame further includes a
flange that extends from the bridge of the frame to further secure the attachment
of the auxiliary frame to the primary frame. The flange can generally be in the
lateral orin the vemcal direction relative to the bridge. '

Other aspects and advantages of the present invention will become
apparent from the followmg detailed descnptxon, whxch, when taken in
conjunction with the accompanying drawmgs, illustrates by way of example the

principles of the invention.

BRIE‘F DESCRIPTION OF THE DRAWINGS
FIG. 1 showsthetop view of an awnharyﬁ-ame and a primary frame in a
first embodunent of the present invention.
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FIG. 2 shows the front view of the first.embodiment.
FIG. 3 shows the top view of the auxiliary frame attached to the primary
frame in the first embodiment of the present invention. -

FIG. 4 illustrates the bridge angle of the first embodiment of the present

FIG. 5 shows the top view of the auxiliary frame and the primary frame

“in a second embodiment of the present invention.

FIG. 6 shows the top view of the auxiliary frame attached to the primary
frame in the second embodiment of the present invention.

FIG. 7 shows the front view of the second embodiment.

" FIGS. 8-9A-B show embodiments of the present invention where the

bridges include a cavity and a protrusion. /

FIGS. 10A-C sho“; an embodiment of the present invention with a hinge
at the bridge..

FIG. 11 shows an embodiment of the present invention with the bridge
including lateral extensions. _

FIGS. 12A-B show an amnlmy frame with lateral extensions attached to
a primary frame in the present invention. '

FIG. 13 shows an.embodiment of the present invention with the bridge

_ including a vertical extension.

FIG. 14 shows an auxiliary frame with a vertical extension attached to a
prirhary frame in the present invention. ' _
FIG. 15 illustrates the bridge angle and the extension angle of the
embodiment of the present invention that has a vertical extension at the bridge.
FIG. 16 shows another embodiment of the presé‘nt invention where the
bridge of the auxiliary frame includes a U-shaped structure having two arms.
Same numerals in FIGS. 1-16 are assigned to similar elements in all the
figures. Embodiments of the invention are discussed below with reference to

-FIGS. 1-16. However, those skilied in the art will réadily appreciate that the
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detailed description given herein with respect to these figures is for explanatory
purposes as the invention extends beyond these limited embodiments.

DETAILED DESCRIPTION OF THE INVENTION
FIG. 1 shoﬁs_ithe top view of an auxiliary frame 102and a primary frame
104 in a first embodiment 100 of the present invention. In order to better
illustrate the present invention, many components are not shown in the figure.
The mn:illaryﬁ'ame 102 includes two retaining mechanisms, 106 and 108,
abridge 112, and a migneﬁc member 114. The retaining mechanisms support a
pair of auxiliary lenses, 105 and 107, and deﬁn&s a frontal plane 110, which is

' the planemﬁ'ontoftheface of a wearer ofthe embodiment 100. The bridge
- 112 connectsthetworeta:mngmechamsmsandholdsthemtogether The

magnetic member 114 at the bndge 112 of the auxiliary frame 102 magnetically
couples to anpther.m_agneuc member 116 at the bridge 118 of the primary frame
104. In one embodiment, the magnetic member 114 of the auxiliary frame is
located in an extens:on, which extends slightly over and sits on the bridge of the
primary frame as shown in FIG. 3. As an example, the width 113 of the
extension is about I‘O mm. In one embodiment, the surface area of the bridge of
theamdhazyﬁ‘amexsmorethanzs mim square.

The pnmary ﬁ'ame 104 also includes two retaunng mechanisms, 120 and
122, for suppornng-a paxr of primary lenses, 124 and 126. The bridge 118 at the _
primary frame 104 connects the two retaining mechamsms 120 and 122, and
holds the two mechamsms together. ‘

FIG. 2 shows the front view of the first embodunent with the ausdliary
frame 102 magnetically coupled to the primary ﬁ'ame 104, while FIG. 3 shows
the top view. As shown in the figures, due to the locatfdn of the magnetic
members, when the primary frame 104 is magnetically coupled to the auxiliary
frame 102, the am:ihary frame 102 is restricted ﬁ'om movxng downwards relative
to the primary frame 104. In one embodiment, one frame is restricted from
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moving‘downwards means that gravity helps the frame to be attached to the

- other frame; in another embodiment, one frame is restricted from moving

downwards means that friction, due to gravity, he!ps the frame to be attached to
the other frame. The enhancement is better illustrated in FIG. 4. The magnetic
coupling-of the magnetic members, 114 and 116, occurs at a coupling surface
130 on the primary frame 104. The coupling surface 130. is substantially
perpendicular to the frontal plane 110. To be more specific, the angle between
the coupling surface 130 and the frontal plane 110 is defined as the bridge angle
132. In one embodiment, the coupling surface 130 being substantially
perpendu:ular to the frontal plane 110 means that the bridge 'afngle 132is.
approximately in the range of 135 degrees and 45 degrees. This range can
increase with stronger magnets due to the advancement in the magnet
technology. In another embodiment, the bridge angle is less than 90 degrees, but
more than 45.degrees. In yet another embodiment, the bridge angle is between
90 degrees and 75 degrees.

In one embodiment, when the frames are coupled, the orientation of the

" coupling surface 130 at the primary frame is similar to the orientation of the

auxiliary frame coupling surface 140, as shown in FIG. 4. In another
embodiment, the surface of each magnetic member that is for magnetic coupling
to another magneﬁc member is defined as a magnetic coupling surface, such as
the surface 115. When the frames are coupled, the orientation of the magnetic
coupling surface of the magnetic member 114 at the auxiliary frame is

. substantially the same as the orientation of the magnetic coupling surface of the

magnetic member 116 at the primary frame. Matching the two orientations of

the magnetic coupling surfaces enhances magnetic coupling between the two

ﬁatnes- ’ l . | | ' .
To further enhance coupling between the two frames, in one

-embodiment, the magnetic coupling surface of each magnetic member has no

bumps, or is smooth. In the present invention, a bump is defined as a small
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structure on the maignetic coupling surface ofa magnetic' ‘member that is bigger -

- than. 10 microns m any of its lateral dunensrons and 10 mlcrons high. Also,

bumps are small stmctures that, due to its minute size, it is easy to randomly
dxspose more than__._one hundred of them on the‘magnettc _couplmg surface of a

- magnet.

In yet another embodiment, one of the magnetlc members slightly
protrudes from i its -c_ouplmg surface to ensure that, when the frames are attached
together, the two"magnetic members are in contact, instead of other areas at the
coupling surfaces n contact. Again this enhances attachment of the two frames.

‘Ina further embodxmem, at least one of the magnetxc members slightly
recedes from 1ts-couplmg surface, for example by ten microns. The receding
prevents the magnetnc members from touching each other when frames are ..
eoupled together In one class of permanent magnets, 'if they are exposed to the
atmosphere,- corros:on can occur. To prevent corrosion, after the magnets are
assembled into thexr correspondmg bridges, the surfaces of the magnets exposed
to the atmosphere are plated Every time when the frames are coupled, if their
eon'espondmg magnetrc members touch, as time goes by, the plating might be
chipped, exposmg the underlying magnets. This embodlment reduces the chance
of corrosion by: shghtly receding at least one magnenc member from the coupling
surface so thateven with plating, the plated magnetxc surfaces would not be in

_contact when theﬁ'ames are coupled together. Then When frames are coupled,

the magnetic members: would be magnetlcally coupled, but not mechanically
coupled, with other parts on the coupling surfaces mechamcally coupled
together. '

Iftheawnharylensesareshadessothattheﬁrstembodunent 100 acts as
sunglasses, preferably, sun rays should be prevented ﬁ'om entering into the gap
between the pnmary lenses and the secondary lenses Due to the location of the

magnettcmembers, themtrusronofsunraysmbetweenthepnmazyandthe

- auxiliary ﬁ'ames xs substantlally reduced.
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In the presé.nt invention, a magnetic member cani-_b'e a permanent magnet
or a magnetizable element, such as iron or magnetizable stainless steel. In one
embodiment, a part is magnetizable if it can be attracted 'by a magnet. For
magnetic coupling, at least one of the magnetic members is a permanent magnet.
If both members are permanent magnets, but of opposite polarity at the coupling
surface 130, the strength in magnetic coupling will be stronger.

FIG. 5 shows the top view of the primary frame 150 and the auxiliary
frame 165 in a second embodiment 180 of the present invention. In this
embodiment, the magnetic member at the bridge 152 &f the primary frame 150
includes two separate parts, 154 and 156, with each part bemg adjacent to one of
the refaining mechanisms; for example, the magnetic member part 154 can be
adjacent to the retaining mechanism 158, and the magnetic member part 156 can
be adjacent to the retaining mechanism 160. This enablement is applicable to
bridges that are curved, as shown in FIG. 7. FIG. 6 shows the top view of the
auxiliary frame 165 attached to the primary frame 150 in the second embodiment
of the present invention. FIG. 7 shows the front view of this second
embodiment 180.

In one embodiment, when coupled, the orientation of the magnetic
members 174 and 176 at the auxiliary frame coupling surface is substantially the
same as the orientation of the magnetic members 154 and 156 at the primary
frame coupling surface, as in the first émbodiment. Matching the orientations of
the magnetic members enhances magnetic coupling between the two frames. In
yet another embodiment, one set of the magnetic members slightly protrudes

. from their corresponding coupling surface to ensure that, when the frames are

attached together, the magnetic members are in 'contact,f.instead of other areas at

the coupling surfaces in contact. The set that protmdescan be both members

from one frame, or one member from the auxiliary ﬁ'ame with the member not
directly opposite to that member from the primary frame. The amount of
protrusions from the two members should be sub;tanﬁal_ly the same. Again this
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enhances attachment of the two frames. Itis much easier to match the
orientations of the magnetic members when they are located at the bridges,
instead of much i_'urther apart on the frames, especially when typically frames are
artistically curved, fitting the circumferential profile of a typical face.

| Although the present invention has only illustrated a magnetic member
with only one or two parts, it should be clear thata magnetic member can have
more than two parts. .

FIGS. 8-9A-B show embodiments of the present i;wention where the
bridges include a cavity and a protrusion. FIG. 8 shotws the iop view of the
bridge 200 of a primary frame, with a magnetic cavity member 202. In this
example, the cavity is a ring, with the magnetic member lining the walls of the
ring. 'However, in other examples, the cavity can be a square or of other shapes.
FIG. 9A shows the front vxew of the bridge 204, with a magnetic protrusion
member 206 that fits into the magnetic cavity member 202. The protrusion and
the cavity further enhance the security of attachment of the auxiliary frame into
the primary frame. In one embodiment, the wall of the ring 202 is a permanent

" magnet, while the protrusion is a magnetizable element 206, or vice versa. When

coupled, at least a part of the protrusion fits into the cavity. In another
embodiment, both the cavity walls and the pfotrusion are permanent magnets of
opposite polarity. FIG. 9B shows another embodiment of the front view of the
bridges with a cavity and a protrusion. In this embddiment, the magnetizable
member is located at the distal part 210 of the protnision 212, and at the bottom
214 of the cavity 216; the cavity does not go all the way through the bridge 218.
Different combinations are applicable. For example, the cavity 216 isa
magnetizable member, and the protrusion 212, not just its distal end, is a
permanent magnet. In another example, a permanent magnet 214 sits at the
bottom of the cavity 216, while the protrusion 212isa magnetizable member.

In yet another embodiment, both the cavity walls and the protfusion are
not permanent magnets, but the bridges include magnetlc members such as those



10 -

15

20

25

C-12-

in the first or in the second embodiments. The protrusion and the cavity further
- improve the security in the attachment of the auxiliary frame to the primary

frame. In this embodiment, again, the cavity can be sxmxlar to the cavity shown
in FIG. 9B, whe;'é it does not have to go all the w;iy through the bridge.

In one embodiment, the primary frame includes one or more
magnetizable member, and the auxiliary frame includes one or more permanent
magnets. The @@eﬁc members are located as in either the first or the second
embodiments.” The bridge at the primary frame further includes a cavity to
receive a protrusion located at the bridge of the auxiliary frame. The magnetic
members with the protrusion ami the cavity are located at the bridges, but are
distributed apartfor maximum mechanical strengths. For example, the magnetic
members can be located as in the second embodiment with the cavity and the
protrusion {ocated at the center of the bridges, as in FIG. 9. Asan exafnple, the
protrusion is made of nickel-silver, stainless steel or titanium, and is a rod that is
about 1 mmlongand about 1.5 mm in diameter.

FIGS. 10A~C show an embodiment 250 of an auxiliary frame of the
present invention thh a hinge 251 at the bridge 253. FIG. 10A shows the top
view of the auxiliary frame with a primary frame; FIGS. 10B-C show the front
view and the top view of the auxiliary frame attached to the primary frame. One
benefit of havmg a hinge is that the frame can be folded, which will save storage
space for the: auxxhaxy frame.

FIG. 11- shows an embodiment 260 of an auxiliary frame of the present
invention with the bndge including 2 flange that extends from the bridge of the .
frame to ﬁlrther securethe attachment of the auxiliary frame to apnmaryﬁ'ame

- This flange enhanm attachment between the primary and the auxiliary frames,

and can reduc:'e:the':—g'ap between the two frames. In FIG. 11, the flange includes
two lateral u:tendmg parts, 261 and 263, each extending laterally fromoneend
of the bndge 265

FIGS. 12A-B show the front view and the top view of the auxiliary frame
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with lateral exten'sions attached to a primary frame 275 in the present invention.
When the auxlhary frame is attached to the primary frame a portion of each
retamxng mechamsm of the primary frame, such as the portion 277, is disposed
between a poruon of the retaining mechanism of the. auxxhary frame and a
pOl'thIl of one lateral extension. The extensions further restrict the separation of
the auxxhary frame from the primary frame after thexr attachment Note that the
auxiliary frame can still be easily attached to the pnmary frame with one hand
even with the extensions. To prevent intrusion into the wearer’s vision, the
extensnons are. relauvely short. In one embodiment, the length 281 of an
extension is about 1mm, and its thickness is the th:ckness of the bridge.

" FIG. 13 shows an embodiment of an auxihary frame 300 of the present

‘invention Where the ﬁange 302 is vertical relative to the bndge Forsucha -

flange when the almhary frame 300 is attached to a pnmary frame, the bridge of
the primary frame is' disposed between frontal plane and the flange, as shown in
FIG. 14. Again; the vertical flange further restncts,the separation of the
auxiliary frame from the primary frame after their attachment. Also the auxiliary
frame can still be‘easily attached to the primary frame with one hand even with
the vertical ex_té_hSion. In one embbdirnent, the length 304 of the extension 302
is about 1.5mm, and its thickness is the thickness of the bridge.

The wndth 306 of the bridge of the auxiliary ﬁ'ame can be wider than the
width 308 of the bndge of the primary frame. As an example with the vertical
flange, whenthe au:dhatyﬁ'ame is attached to the pmnaxyﬁ'ame therecanbe a
gap 310 between the. eictenston and the bridge of the pnmary frame, as shown in
FIG. 15. In one embodunent, the gap is about l nm..

FIG. 15 also illustrates the bridge angle 314'and an extension angle 312
of the embodxment of the present invention that a vertical extension at the
bridge. In one embodiment, with the vertical ﬂange :".;the bridge angle 314 is
between about 30 degrees and 150 degrees. The extensxon angle 312 is defined
as the angle between the vertical flange 302 and the bndge 314. Inone -
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embodiment, the extension angle is between 45 degrees and 135 degrees.

FIG. 16 shows the bridges of yet another embodiment of the present
invention where the bridge of the auxiliary frame includes a U-shaped structure
350 having two arms, 352 and 354, one on top and one on the bottom of the
bridge 360 of the primary frame. In one embodiment, the magnetic member at
the auxiliary frame includes two separate parts, with each part located at each :
arm of the U-shaped structure; for example, the member 358 at the arm 354, and
the member 356 at the arm 352. Note that the members 356 and 358, each can
further include moré than one portion, as in the second embodiment. In another
embodiment, the bottom arm 354 does not include any magnetic member. In yet
another embodiment, the bridge 360 of the primary frame also includes its
magnetic member, disposed at a location with the correct polarity with respect to
the magnetic member of the aux:hary frame. . :

In the.embodiment shown in FIG. 16, when the auxiliary frame is
attached to the primary frame, the bridge 360 of the primary frame is sandwiched
between the arms of the U-shaped structure 350. Typically, due to gravity, the
magnetic member 356 at the top arm 352 of the auxiliary frame is magnetically
coupled to the bridge of the primary frame, with a gap between the bottom arm
and the bridge of the primary frame. As an example, the bridge of the primary
frame is steel, with a thickness of about 1 mm, and the thickness of the U-shaped

~ bridge is about 4 mm.

In one embodiment, each magnet is held in its corresponding frame by a
housing, which is the immediate area of the frame encapsulating a part, typically
a significant part, of the magnet. The size of each magnet is slightly larger than
the housing holding it. Each magnet is incorporated into its housing on the
frame through pressure insertion. To keep the magnet in its housing, the magnet
is slightly larger than its housing. In one embodiment, at least in one lateral
dimension, or one of the dimensions a housing holding its magnet, such as the
diameter of a-round magnet, slightly larger means that the difference in size
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be;:'\_veen the magnet and the housing is between 5 microns and 180 microns.

In another embodiment, the edges of the magnetic coupling surface of
each magnet are chamfered to remove -any sharp corners. If magnets are plated
after they have been installed into their respective housings; chamferring the
edges ifhproves step coverage in plating. In other words, plating on a magnet
can be more smooth at the intersection between the magnet and its housing
through chamferring. Also, chamferring replaces sharp corners with sloping
corners. If a magnet is installed into its housing through ﬁressure insertion, the
slopping comners guide the magnet into its housing. One way to chamfer is by
buffing. )

" Magnets used in this inventio are selected to have sufficient magnetic
power to couple the frames together. In one embodiment, the magnetic field
strength of each magnet 1s between 2500 and 3500 gauss; in another, the field
strength is more than 2500 gauss, but less than 6000 gauss. In one embodiment,
each magnet has a magnetic coupling surface of more than 14 mm square and 2
thickness of more than 1 mm. In another embodiment, each magnet hasa
magnetic coupling surface of at least 14 mm square and a thickness of more than
2mm. In yet another embodiment, each magnet has a magnetic coupling surface
of at least 28 mm square and a thickness of more than 1 mm.

Different embodiments in the present invention can be combined in
different ways:  For example, the vertical flange can be combined with the lateral
fianges. The hinge can be combined with the lateral flanges. Also, it should be
obvious to those skilled in the art the methods to build each embodiment. This
specification will not further describe different fabrication techniques.

Note that the different types of bridges as described, individually, is a
different emﬁodiment of the present invention. Also, different types of auxiliary
frames and different forms of primary frames, individually, is also 2 different
embodiment of the present invention.

Other embodiments of the invention will be apparent to those skilled in
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the art from a consideration of this specification or practice of the invention
disclosed herein. It is intended that the speciﬁcation and examples be considered
as exemplary only, with the true scope and spirit of the invention being indicated
by the following claims. '
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CLAIMS
1. An eyeglass device comprising:.
" a first frame including
. two retaining mechanisms for supportmg a pair of lenses, and

deﬁmng a ﬁ'ontal plane, L
' a bridge connecting the two retaining mechamsms and holding the
two retaining mechanisms together and _
- a magnetic member at the bridge for magnetxeally couplmg to
another magnetic member at the bndge of a second ﬁame, :
- such that-when coupled, the two frames are attached together, and due to
the locations of the magnetic members, one of the ﬁ'ames is restricted from -
mo'iling downwards relative to the other frame. N

2. An eyeglass device as recited in Claim 1 wherem the coupling occurs at a
coupling surface on the second frame-that i is substantlally perpendlcular to the
frontal plane.

3..  Aneyeglass device as recited in Claim 1 wherein the magnetic member at
the bridge of the first frame is a permanent magnet. : _;_:

4, An eyeglass device as recited in Claim 1 wherexn the magnetic member at
the bridge of the first frame is in a cavity to receive the second frame's magnetic
member, which protmdes from the member, with at least a part of the protrusion
fitting i into the cavity.

5. AneyeglassdevxeeasrecxtedmClaunlwheremthemagnencmemberat
the bridge of the first frame comprises two separate parts with each part being
adjacent to one of the retaining mechanisms.
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6. Aneyeglass device as recited in Claim 1 wherein the bridge of the first

~-]18-

frame further mcludes a cavity to receive a protrusior_x i?,t_the bridge of the second
frame 50 as to.further secure the attachment of the two frames when coupled.

7. Aneyegliss device as recited in Claim 6 Wherein:

theﬁrstﬁamelsan auxiliary frame to be coupled to the second frame,
whichis a pnmary ﬁ'ame and

the magnetxc member at the auxiliary frame is a permanent magnet to be
coupled to the second frame s magnetic member, whxc'h is a magnetizable.
member. :

8. Aneyeglass devxceasrecltedmClalm 1 wherem

the: bndge of the first frame further includes 2 U-shaped structure havmg
two arms; and - '

the magnetnc member at the first frame is disposed at least on one of the
_ such that magnetxc coupling occurs when the -'bridge of the second frame
is sandwiched betweenthe arms of the U-shaped structure.

9. An eyeglass devxce as recited in Claim 2 wherem the angle between the
coupling surface and the ﬁ-ontal plane is appro:nmately between 135 degrees and

45 degrees.

10.  Aneyeglass device as recited in claim 1 wherein the first frame is an
auxiliary ﬁ'ame.to"_- recexve the second frame, which i_sfa__lprimary frame.

11. An eyeglass devxee as recited in Claim 10 wherem the bndge of the
am:ihary frame mcludes a hmge so that the auxiha.ry frame can be folded.

I




10

15

20

25

- This Sheet Has

' ummm/mm i““

12. An eyeglass devxce as recited in Clainy 11 wherein the magnetic member

-19-

at the bndge of the auxxhary frame comprises two separate parts, with each part

begng_ adja_een_t .tq __o__ne o_f ._the retaining mechanisms.

13. _-'. An eyeglass devxce as recited in Claim 10 wherein the auxiliary frame
ﬁ.lrther meludes a ﬂange that extends from the bndge of the frame to further

. secure the attachment of the auxilxary frame to the pnmary frame.

14. An eyeglass device as recited in Claim 13 whetein the flange includes two
lateral extensxong,' each extending laterally from one end of the bridge;
mchthatzivhenﬂle auxiliary frame is attached to the primary frame, a

' 'pornon of each retammg mechamsm of the primary frame is disposed between a

portxon of a retammg mechamsm of the auxiliary frame and a portion of one

15. . An'eyeguss' device as recited in Claim 13 wherein the fiange includes a
vemeal extensnon, extendmg vertically from the bridge;
such thatwhen the auxiliary frame is attached to the primary frame, the
bndge of the pnmary frame is disposed between frontal plane and at least 2

portion of the e;;*_t_ensan.

16.  Aneyeglass device as recited in Claim 15 wherein the width of the bridge
of the auliary fraine s wider than the width of the bridge of the primary frame
so that when. . ry frame is attached to the pnmary frame, there canbe a
gap between ﬂange and the bridge of the pnmary frame.

17. Aneyeglass device as recited in Claim 15 wherein the extension subtends
an extension. angle with the bridge of the auxiliary ﬁ'ame such that the extension
angle is between 45 _and 135 degrees.

T A T T
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18. An eyegléss device comprising: :
- a bndge connectmg two retarmng mechanism and holding them together,
with the two mechamsms supporting a pair of lenses of a first frame; and
_ a magnetrc member at the bridge for magnetrca.lly coupling to another
magnetic member at the bridge of a second frame;
o such that
the two retaining mechanisms defines a frontal plane; and
--_-_;when coupled, the two frames are attached together, and due to

the location ofthe magnetic members, one of the frames is restricted from

moving downwards relative to the other frame.

19. Aneyeglassdevxceasrecrtedmclaxm 18 wheremthecouphngoccursat
a coupling: surface on the second frame that is substantlally perpendicular to the
frontal plane

20. An eyeglass device as recited in Claim 18 wherein the magnetic member
at the bridée ofthe first frame is a permanent magnet.

21. An eyeglass devxce as recited in Claim 18 wherein the magnetic member
at thebndge oftheﬁrstﬁ'amexsmacavny to receive the second frame's
magnetic member which protrudes from the member, with at least a part of the
protrusion ﬁtnng mto the cavity.

22. AneyeglassdevreeasrecxtedmClmm 18 wherein the magnetic member
at the bndge of the ﬁrst frame comprises two separate parts, with each part
being adjacent to one of the retaining mechanisms.

23 AneyeglassdevxceasrecxtedmClaxm 18 wherein the bridge of the first
- frame ﬁxrther lnciudes a cavrty to receive 2 protrusion at the bridge of the second
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frame so as toﬁmher secure the attachment of the two frames when coupled.

-21-

24. An eyeglass dev:ce as recited in Claim 23 wherem
~ the ﬁrst ﬁ'ame is an auxiliary frame to be coupled to the second frame,
which is-a pnmery?ﬁ'ame and
themagheﬁcmemberattheawnha:yﬁ‘ame is apetmanent magnet to be -
coupled to the second frame's magnetic member, whichis a magnetxzable
member.

25. An eyeglass devu:e as recited in Claim 24 wherem
the bndge of the auxiliary frame further includes a flange that extends

- from the bndéebftheﬁmnetoﬁxrﬁ:ersecuretheattaclment of the awxdliary

frame to the: pmmuy ﬁ'ame and
the ﬁang l_ncl_Udes a vertical extension, extending vertically from the

bridge;
- such that when the amnhary frame is attached to the primary frame, the

“ bridge of: the pnmary frame is disposed between frontal plane and at least a

portion of the exte_nsxon. '

26. An eyeglass devxce eompnsmg

a:magnetxe member at the bndge, and

a pnmary frame including
o two retaining mechanisms for supportmg a pair of lenses,
ndge connecting the two retaining mechanisms and holding

Fox ¢ L MO S
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a magnetic member at the bridge for magnetlcally coupling to the
magnetic member at the bridge of the auxihary ﬂ’m:ne,
such that when coupled, the two frames are attached together, and due to
the location of the magnetic members, the auxiliary frame is restricted from
moving downwards relative to the primary frame. i

" them together, and

27.  Aneyeglass device as recited in claim 26 wherein the coupling occurs at
a coupling surface on the primary frame that is substgfntially perpendicular to the
frontal plane. ' |

28. - An eyeglass device as recxted in Claim 26 wherem the magnetic member
at the bndge of the. auxlhary frame is a permanent magnet

29.  An eyeglass device as recited in Claim 26 whé._rein each magnetic member
at each bridge comprises two separate parts, with each part being adjacent to

" one of the retaining mechanisms of the conwponding-&ame.

30.  An eyeglass devicé as recited in Claim 26 wherein the awxiliary frame

- further includes a flange that extends from the bridge of the frame to further

secure the attachment of the auxiliary frame to the pnma.xy frame.

31 Aneyeglass device as recited in Claim 28 wherein:

the bridge of the primary frame includes a protrusxon, and

the bridge of the auxlhary frame includes a. cavxty to receive the
protrusion at the bridge of the pnmaty frame so as to further secure the
attachment of the two frames when coupled. gy

" 32, Aneyeglass device as recited in Claim 31 wherein:

T
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the bnd': of the auxihary frame further mcludes a ﬂange that extends
from the bndg of the ﬁ'ame to further secure the attachment of the auxiliary
frame to the. pnmary ﬁ'ame and - '
" the ﬁange mcludes a vertical extensxon, extendmg vemca!ly from the

-23-

bndge .
suchthatwhenﬂlealmharyﬁ'amexsattachedto the primary frame, the

- bridge of the pnmaxy frame is disposed between frontal plane and at least a

portion of the extensnon

33. glass devu:e comprising:
a pnmaxy:ﬁ'ame including -
K two retammg mechanisms for. supportlng a pair of lenses, and.
defining a ﬁ'ontal plane,

a bndge connecting the two retammg mechamsm and holding
them together'_a‘.nd :

a ﬁrst magnetic member at the bridge for magnetically coupling to

| a second magnetlc ‘member at the bndge of an auxxhary frame;

such that when coupled, the two frames are attached together and due to
the location of the magnetlc members, the auxiliary frame is restricted from
moving downwards. relatzve to the primary frame. '

34 An eyeglass:.devxce as recited in claim 33 wherem the coupling occurs at
a coupling surface on'the primary frame that is substannally perpendicular to the
frontal plane. '

35. An eyeglass dewce as recited in Claim 33 wherem the magnetic member
at the bndgefo the_pnmaty frameisa magnenzable member

36. An eyeglassdevxce as recited in Claim 33 wherem each magnetic member

|||I|II| [ |||l| Illll l\ \lll
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pnsestwo separate parts, with each part being adjacent to
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one of the retammg mechamsms of the correspondmg frame.

37. An eyeglass dewce as recited in Claim 33 wherein the primary frame can

be attached. to th"' awnhaxy frame, which further includes a flange that extends

from the bndge of "the aux:haxy frame to further secure the attachment of the
auxiliary ﬁ'ame to the pnmaxy frame.

38. An eyeglass devxce as recited in Claim 37 wherem the bridge of the -
primary frame mcludes a cavity that can receive a protrusion’at the bridge of the
au:dlxaryﬁ'ameso astoﬁxrthersecuretheaxtachment of the two frames when
coupled. i

39. An eyeglass ‘device as recited in Claim 38 wherein the primary frame can
be attached to' the auxllxa.ty frame, which further includes a flange with a vertical
extension that extends ﬁ'om the bridge of the auxxl:aty frame to further secure

' thea.ttachmentoftheau:nlxa:yﬁ'ametothepnmaxyﬁ'ame

such that when the primary frame is attached to the auxiliary frame, the
bridge of the pnmary ﬁ'ame is dxsposed between frontal plane and at least 2
portion of the extensxon

4. An ey'egiass?device as recited in Claim 2 wherein when the two frames
are coupled, th :" nentatxon of the magnetlc member of the first frame is

frame at the couplmg surface

41. An eyeglass dev:ceas recited in Claim 2 wherem
the ﬁrst frame mcludes a first-frame couplmg surface; and
the magnetl member of the first frame shghtly protrudes from the first-

A
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frame couphng rface to enhance magnetlc coupling ° when the two frames are

-25-

coupled.

42, An eyeglass device as recited in Claim 2 wherein at least one magnetnc
member.shghtly recedes ﬁ'om the coupling surface so ‘that the two magnetic
members magnettcally, but not mechanically coupled, when the two frames are
coupled together -

43. An eyeglassdevxce as recited in Claim 2 wheréin:

the surfad of each magnetic member that is for magrietic coupling to
another magnettcmember is defined as a magnetic coupling surface and

the magnetxc .coupling surface of each magnetlc member has no bumps to
enhance couplmg etween ‘the two frames.

4. An eyeglass device as recited in Claim 3 wherein:

the permanent magnet is parually encapsulated bya housmg in the first
frame;and
| thesxzeofthepennanentmagnetlsshghtlylargerthanthesxzeofthe
housmg at least m one lateral dimension, which is a dimension that the housing is

devxce as recited in Claim 2 wherein:

the surface of the permanent magnet that is for magnetlc coupling to
anothermagnetxcmemberxsdeﬁnedasamagneuc couplmg surface; and

the edges of the: magneuc coupling surface are chamferred to remove any

sharp comers

46 AneyeglassdevxceasrecxtedmClamewherem
the magnetxc mcmber at the bridge of the ﬁrst ﬁ'ame is a permanent

* E c L " s_._ .*..




. I'hls Sheet Has Been R lac..e

the permanent magnet has a magnetic field strength of at least 2500
gauss,
the permanent magnet has a magnetic couplmg surface which is the

magnet,

surface the magnet magnetically couples to the magnetlc ‘member of the second .
the magnetic coupling surface has a surface area 'of more than 14 mm
square; and - :

the height of the permanent magnet is more than 1 mm.
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