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Description
BACKGROUND OF THE INVENTION

[0001] This application relates to ultrasonic surgical
systems and, more particularly, to switch members hav-
ing membrane seals which prevent gas and water vapor
from contacting switch assemblies which are disposed
within an internal switch chamber formed in a surgical
handpiece.

[0002] Itis known that electric scalpels and lasers can
be used as surgical instruments to perform the dual
function of simultaneously effecting the incision and he-
mostatis of soft tissue by cauterizing tissues and blood
vessels. However, such instruments employ very high
temperatures to achieve coagulation, causing vaporiza-
tion and fumes as well as splattering. Additionally, the
use of such instruments often results in relatively wide
zones of thermal tissue damage.

[0003] Cutting and cauterizing of tissue by means of
surgical instruments, e.g., blades, vibrated at high
speeds by ultrasonic drive mechanisms is also known.
In such systems, an ultrasonic generator is provided
which produces an electrical signal of a particular volt-
age, current and frequency, e.g., 55,500 cycles per sec-
ond. The generator is connected by a cable to a hand-
piece, which contains piezoceramic elements forming
an ultrasonic transducer. In response to a switch on the
handpiece or a foot switch connected to the generator
by another cable, the generator signal is applied to the
transducer, which causes a longitudinal vibration of its
elements. A structure connects the transducer to a sur-
gical blade, which is thus vibrated at ultrasonic frequen-
cies when the generator signal is applied to the trans-
ducer. The structure is designed to resonate at the se-
lected frequency, thus amplifying the motion initiated by
the transducer.

[0004] In order to activate the handpiece so that the
blade is vibrated or otherwise operated, a switch mech-
anism is manipulated by the user. The switch mecha-
nism typically includes one or more switch button mem-
bers which the user depresses to cause activation of the
blade. Because it is necessary for the handpiece to be
cleaned and/or serviced after use, the internal electronic
components of the switch mechanism must be sealed
from the environment outside of the handpiece to pre-
vent damage to the electronic components during the
cleaning, use, handling, or servicing thereof. This is par-
ticularly true for handpieces which are autoclavable and/
or immersible. Consequently, a membrane (e.g., a flex-
ible seal) may be included as part of the switch member
for sealing the electronic components of the switch
mechanism so that the handpiece may be cleaned and/
or serviced without having the electronic components
damaged.

[0005] Typically, the switch member (having button
portions) is formed of a resilient material, such as an
elastomeric material, to provide a sealing action be-
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tween the switch member and the handpiece. Elasto-
meric switch buttons are generally not good barriers to
moisture ingress (water vapor), especially moisture in-
gress due to an autoclave operation. Elastomeric mate-
rials are vulnerable to piercing by sharp instruments. Al-
s0, if moisture does pass through these elastomeric bar-
riers during the autoclave operation, the moisture does
not have a rapid means for escaping the handpiece fol-
lowing completion of the autoclave operation. The pres-
ence of moisture in an inner cavity of the handpiece,
where the electronic components are stored, can cause
damage and/or malfunction of the handpiece or lead to
premature wear.

[0006] When the switch member is in the form of an
elastomeric switch member, an integral flexible mem-
brane may be provided around the periphery thereof.
This flexible membrane is often referred to as a "web"
or skirt which permits the switch member body to be
readily depressed when pressed upon and return to its
original position when released. There are at least two
associated disadvantages of using a thin elastomeric
web as part of the rocker switch member body. First, the
puncture/tear resistance of the web area is limited be-
cause the web area has a relatively thin cross section
and has limited durability to resist puncture from sharp
instruments contacting the flexing portion (the web).
Second, the thinness of the web membrane does not
provide a very robust seal since air and humidity can
pass through. In other words, the web membrane has a
sufficiently high permeability that permits air and humid-
ity to pass through.

[0007] One example of the difficulty that is encoun-
tered with a switch member having a high permeability
occurs when the switch member is subjected to an auto-
claving process. When the rocker switch member is
used to seal off an inner cavity of the handpiece, an
autoclave vacuum can cause the air pressure inside the
inner cavity to be higher than outside of the inner cavity.
The switch member has limited travel in an outward di-
rection and thus can not accommodate the higher pres-
sure. Consequently, the pressurized air escapes
through the web membrane due to its relatively poor per-
meability. It is also possibly that the pressurized air can
escape through other portions of the switch member
body. However, during autoclave repressurization to
normal atmosphere, the reduced pressure inside the in-
ner cavity causes the switch member to deflect down-
ward. This results in the switch member being pulled
downward, similar to someone pressing on the switch
member. Thus, the switch member equalizes the pres-
sure and there is inadequate pressure differential to
draw air back through the web membrane. This results
in the switch member being held down without user in-
tervention. This is not desirable because it leads to un-
wanted activation of the switch mechanism due to the
switch member being in a depressed position.

[0008] While existing membranes have been suitable
for some applications, there is a need for providing im-
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proved membranes which are good barriers to moisture
ingress along with providing a good barrier to gas vapor
and other gas (air) transmission along with improved re-
sistance to puncture.

SUMMARY OF THE INVENTION

[0009] The present application is directed toward
methods and switch members which control fluid flow
(e.g., flow of water vapor and gases, such as air) through
the switch members which are used to seal an interior
cavity of a surgical handpiece and each provides a de-
pressable member for actuating the handpiece. The
switch members provide improved sealing properties
which prevent transmission of fluids across the entire
switch member or at least a treated portion thereof (e.
g., a skirt) and into and out of the sealed internal switch
chamber. The switch members are also resistant to
puncture due to striking by tools or cleaning instruments,
and the like.

[0010] The switch members find particularly utility in
handpieces which are autoclavable. Autoclave pres-
sures and vacuums can induce gas flow and water va-
por flow across the membranes of conventional switch
members and particularly, across the thin skirt portion
thereof. The present application discloses various meth-
ods of controlling the gas and water vapor flow across
the depressable switch member (particularly the skirt
portion) such that the handpiece may be used in an
autoclave environment and other adverse settings with-
out experiencing the disadvantages associated with
conventional members.

[0011] Other features and advantages will be appar-
ent from the following detailed description when read in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing and other features will be more
readily apparent from the following detailed description
and drawings of illustrative embodiments in which:

FIG. 1is an illustration of a console for an ultrasonic
surgical cutting and hemostatis system, as well as
a handpiece and foot switch in accordance with an
exemplary embodiment;

FIG 2 is a cross-sectional view showing one exem-
plary switch end cap;

FIG. 3 is a top perspective view of one exemplary
switch member for use in the switch end cap of FIG.
2,

FIG. 4 is a bottom perspective view of the switch
member of FIG. 3;

FIG. 5 is a bottom perspective view of a switch
member according to one exemplary embodiment;
FIG. 5Ais a fragmentary cross-sectional view taken
along the line A-A of FIG. 5;

FIG. 6 is a fragmentary cross-sectional view of a
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switch member according to another exemplary
embodiment where a substrate is provided between
the switch member and a permeability barrier;
FIG. 7 is a top perspective view of a switch member
according to another exemplary embodiment;

FIG. 8 is a bottom perspective view of a switch
member according to another exemplary embodi-
ment;

FIG. 8Ais a side view of a switch member according
to another embodiment;

FIG. 9 is a bottom perspective view of a switch
member according to another exemplary embodi-
ment;

FIG. 9A is a fragmentary cross-sectional view taken
along the line A-A of FIG. 9;

FIG. 10 is a partially fragmented cross-sectional
view of a switch end cap having a vent formed there-
in;

FIG. 11 is a cross-sectional view of a durable switch
assembly according to another embodiment;

FIG. 12 is an exploded view of a switch end cap
according to another exemplary embodiment;

FIG. 13 is a cross-sectional view of switch end cap
of FIG. 12 in an assembled state;

FIG. 14 is a side elevational view of a bellow switch
used in the switch end cap of FIG. 12;

FIG. 15 is a cross-sectional view taken along the
line 15-15 of FIG. 14;

FIG. 16 is an exploded view of a switch end cap
according to another exemplary embodiment.

DESCRIPTION OF ILLUSTRATIVE EXEMPLARY
EMBODIMENTS

[0013] Referringfirstto FIG. 1in which one exemplary
surgical cutting and hemostatis system according to one
embodiment is illustrated and generally indicated at 10.
In the exemplary embodiment, the system 10 is an ul-
trasonic surgical system. The system 10 includes a con-
sole or housing 20 for containing an ultrasonic generator
(not shown) and a control system located within the con-
sole 20 which forms a part of the system 10. A first cable
22 connects the console 20 to a handpiece 30 and
serves to provide an electrical connection therebe-
tween. The first cable 22 includes a first set of wires (not
shown) which permit electrical energy, i.e., drive current,
to be sent from the console 20 to the handpiece 30
where it imparts ultrasonic longitudinal movement to a
surgical instrument 11. The surgical instrument 11 is
preferably a scalpel blade or shear. This instrument 11
can be used for simultaneous dissection and cauteriza-
tion of tissue.

[0014] The supply of ultrasonic current to the hand-
piece 30 is controlled by a switch mechanism 40 dis-
posed within the handpiece 30. As will be described in
greater detail hereinafter, the switch mechanism 40 is
electrically connected to the console 20, more specifi-
cally the generator thereof, by one or more wires (not



5 EP 1199 733 A2 6

shown) of the first cable 22. The generator may also be
optionally and further controlled by a foot switch 50
which is connected to the console 20 by a second cable
60. Thus, in use, a surgeon may apply an ultrasonic
electrical signal to the handpiece 30, causing the instru-
ment 11 to vibrate longitudinally at an ultrasonic fre-
quency, by operating the switch mechanism 40 on the
handpiece 30 or the foot switch 50. The switch mecha-
nism 40 is activated by the hand of the surgeon and the
foot switch 50 is activated by the surgeon's foot.
[0015] The console 20 also includes a liquid crystal
display device 24, which can be used for indicating the
selected cutting power level in various means, such as
percentage of maximum cutting power or numerical
power levels associated with the cutting power. The lig-
uid crystal display device 24 can also be utilized to dis-
play other parameters of the system. A power switch 26
and power "on" indicator 28 are also provided on the
console 20 to permit the user to further control the op-
eration of system 10. Additional buttons and control
switches, generally indicated at 70, control various other
functions of the system 10 and may be located on the
front panel of the console 20. When the power is applied
to the ultrasonic handpiece 30 by operation of either
switch mechanism 40 or switch 50, the surgical scalpel
or instrument 11 is caused to vibrate with the amount of
longitudinal movement varying proportionately with the
amount of driving power (current) applied, as adjustably
selected by the user.

[0016] Now referring to FIGS. 1 through 4, one exem-
plary switch mechanism 40 is shown in greater detail in
FIG. 2 . The handpiece 10 is formed of a switch end cap
90 which is attached to a handpiece body 92. The switch
mechanism 40 includes multiple electrical components,
e.g., one or more circuit boards 80, and also includes
one or more depressable switch members 82, which are
manipulated by the user for activation or deactivation of
the switch mechanism 40. For purpose of illustration on-
ly, each switch member 82 is shown in the form of a rock-
er type switch; however, it will be understood that the
switch member 82 may comprise any number of types
of depressable switch members 82 and is not limited to
a rocker-type switch. The exemplary switch member 82
includes a body 83 (in this case a rocker type body) and
a skirt 85 which peripherally extends around the body
83. The switch member 81 serves to seal an interior of
the handpiece 10 and therefore acts as a water vapor
and gas barrier (i.e., a permeability barrier to liquids and
gases). Preferably, both the body 83 and the skirt 85 act
as permeability barriers. The switch member 82 also in-
cludes a pair of spaced posts 87 extending outwardly
from the body 83 for engaging a contact (not shown) to
cause activation of the switch mechanism 40 (FIG. 1).
The posts 87, in a non-compressed state, preferably do
not extend below a plane containing the lower surface
of the skirt 85. Because the posts 87 are preferably
formed of an elastomeric material, as is the body 83 and
skirt 85, a force exerted on the upper surface of the body
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83 above the posts 87 causes the respective post 87 to
be driven downward so that it extends beyond the plane
containing the lower surface of the skirt 85. This is the
compressed position of the switch member 82.

[0017] In the illustrated embodiment, the switch end
cap 90 includes two opposing switch members 82 which
are coupled to the switch end cap 90. The switch end
cap 90 has an outer shell 94 which houses electrical
switch components, such as the circuit boards 80. Be-
cause each switch member 82 is in communication with
the switch mechanism 40, openings are formed in the
outer shell 94 to permit the switch member 82 to engage
the switch mechanism 40 so that signals are generated
by the switch mechanism 40 and delivered to the con-
sole 20 to permit operation of the handpiece 10.
[0018] The handpiece 10 is preferably intended for
use in a surgical system, such as that disclosed in Eu-
ropean Patent Application No. (Attorney's ref:
P028404EP) (claiming priority from USSN 09/693621)
filed concurrently herewith. And the handpiece 10 is de-
scribed in greater detail in European Patent Application
No. (Attorney's ref: P028413EP) (claiming priority from
USSN 09/693,549).

[0019] Inone aspect, animproved switch member 82,
in the form of an elastomeric rocker type switch button,
is disclosed. It will be understood that while the term
"elastomeric" is used herein, the switch member 82 may
be formed of other suitable plastics, e.g., a thermoplas-
tic, or other materials (such as a metal with a compress-
ible structure so that the switch member deforms under
application of a force). In addition, while the discussion
will focus on switch members used in switch mecha-
nisms, one will appreciate that other types of plastic
components, such as seals, walls, or other components
may be substituted for the switch membranes. Further-
more, while exemplary switch members are discussed
herein as being of a rocker type, it is understood that the
scope of the present application covers other types of
switch members. Accordingly, the description and illus-
tration of rocker type switch members is merely exem-
plary and not limiting.

[0020] Referringto FIGS. 3-5A, in one exemplary em-
bodiment, a metallic layer 110 is applied to the elasto-
meric rocker type switch member 82, as shown in FIG.
5. Preferably, the skirt 85 is integrally formed with the
body 83. More specifically, the metallic layer 110 is ap-
plied to an underside 112 of the elastomeric rocker
switch member 82. The layer 110 may be formed from
any number of suitable metal materials, e.g., aluminum,
gold, titanium, platinum. The layer 110 is in the form of
a thin layer of metal which is applied to predetermined
sections of the underside 112 of the body 83 and the
skirt 85. For example, the complete underside 112 (in-
cluding the body 83 and skirt 85) may be coated with
the metallic layer 110 which is a thin coating (for exam-
ple, the thickness may be from about 5 n inch to about
0.0005 inch. Alternatively, only the skirt 85 of the switch
member 82 has the metallic layer 110 disposed thereon.
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The metallic layer 110 dramatically reduces the water
vapor and gas transmission rates of the treated part, e.
g., the underside 112.. Since the layer 110 is very thin,
the layer 110 is flexible and does not hinder the flexibility
of the elastomeric part (the switch member 82). The
presence of the metallic layer 110 thus improves the
seal properties of the switch member 82. The metallic
layer 110 is not limited to being applied to only the un-
derside 112 but rather the metallic layer 110 may be
formed in an intermediate layer of the switch member
82 between the upper surface and the underside 112.
The metallic layer 110 may be formed only in an inter-
mediate layer of the skirt 85. The metallic layer 110 may
also be applied to the upper surface of the member 82
by itself or in combination with being disposed on the
underside 112 or at an intermediate layer. The metallic
layer 110 can be applied using conventional techniques,
including using a spray apparatus or other type of equip-
ment that serves to apply a thin metallic layer, preferably
of uniform thickness, to a body. Other techniques that
may be used to apply the metallic layer 110 include but
are not limited to ion beam deposition, metal vapor dep-
osition, and chemical vapor deposition.

[0021] Inanother embodiment, shownin FIG. 6, a thin
flexible substrate 120 is provided and is coated with a
metallic layer 122. The substrate 120 is preferably
formed of a flexible material, such as polyurethane, vi-
nyl, silicone, a thermoplastic elastomer, polyvinylidene-
fluoride, poly-paraphenylene terephthalamide, polyim-
ide, and a combination of any of the foregoing. For ex-
ample, a polyimide film may be coated with an FEP fluor-
opolymer resin to provide a moisture barrier and a slip-
pery surface that reduces the tendency for a tool to
puncture the member. In one exemplary embodiment,
the substrate 120 has a thickness from about 0.0005
inch to about 0.003 inch. The metallic layer 122 may be
formed of any number of suitable metals, including but
not limited to aluminum, gold, titanium, and platinum.
Preferably, the metallic layer 122 is formed of a metal
which permits the metallic layer 122 to be thin, while at
the same time. the metallic layer 122 has low water va-
por and gas transmission rates. The thickness of the
metallic layer 122, in one embodiment, is between about
5 p inch and about 0.0005 inch. The metallic layer 122
is formed on a first surface 124 of the thin flexible film
substrate 120. An opposing second surface 126 of the
thin flexible film substrate 120 is attached to or faces the
underside 112 of the elastomeric rocker switch member
82 when the handpiece 30 is assembled. In one embod-
iment, the substrate 120 is adhered to the underside 112
of the switch member 82 using an adhesive. The thin
flexible film substrate 120 may be placed on or just un-
derneath the underside 112. For example, the thin flex-
ible film substrate 120 may be in laminated contact with
the elastomeric rocker switch member 82 such that the
metallic layer 122 faces away from the elastomeric rock-
er switch member 82 as shown in FIG. 6. The thin flex-
ible film substrate 120 may also be positioned in close
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proximity yet separated from the elastomeric rocker
switch member 82. It will be understood that the sub-
strate 120 may be applied to select portions of the un-
derside 112. For example, the substrate 120 may be ap-
plied only to the underside of skirt 85 or may be applied
to the complete underside 112.

[0022] Referring to FIGS. 1-4, in another embodi-
ment, the water vapor and gas transmission rates are
reduced by structurally altering a surface, e.g., under-
side 112, of the elastomeric switch member 82 via an
ionimplantation process. In an ion implantation process,
the surface properties of the switch member 82 are mod-
ified while leaving the bulk properties intact. Treatment
can be to the underside 112 and/or an upper surface of
the member 82 or a laminate affixed to the member 82
resulting in cross-linking of the polymer chains in three
dimensions. Once again, the surface treatment may be
to an entire surface or it may only be to selected surfac-
es, such as the underside of the skirt 85. By using a
suitable ion implantation process, the pore size/porosity
of the member 82 is reduced resulting in the water vapor
and gas transmission rates being likewise reduced be-
cause the water vapor and gas are unable to be trans-
mitted through the elastomeric switch member 82 due
to this permeability barrier being formed. Another ben-
efit of ion implantation is the improved strength and sur-
face hardness which improves the switch member's
puncture resistance, thereby reducing the likelihood that
a puncture may occur. For example, during a normal
sterilization cleaning process (e.g., an autoclave oper-
ation), instruments, such as wire brushes, are used that
may puncture weak conventional switch membranes.
[0023] Another method of altering a surface of the
member 82, such as the underside 112, is to shallow
melt or heat fuse the surface to more tightly bond the
surface molecules together. One such process for ac-
complishing this is a laser sintering process which mod-
ifies the underside surface 112 and/or top surface so
that the molecules thereat are more tightly bonded. This
makes it more difficult for the water vapor and gas (e.g.,
air) to be transmitted through the underside 112 and
thus areduction in the water vapor and gas transmission
rates is realized. lon beam assisted deposition or low
temperature arc vapor deposition can be used to deposit
materials with low gas permeability on the underside
112, such as ceramics, metals and polymers, thereby
providing a water vapor and gas diffusion barrier. Ce-
ramics which may be used include, but are not limited
to, alumina, silicon dioxide, and metals include, but are
not limited to, aluminum, gold, titanium, platinum, alloys,
or combinations thereof can be used in sequential lay-
ers. The entire underside 112 of the body 83 and skirt
85 may be surface treated or select portions of the un-
derside 112 may be treated. For example, only the un-
derside of the skirt 85 may be surface treated.

[0024] Any pressure differential problems experi-
enced across the member 82 (such as during an auto-
clave cleaning process) can be reduced to insignificant
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levels by reducing the volume of air in the sealed switch
chamber underneath the member 82. Filling the void ar-
ea under the member 82 reduces the amount of air un-
der the member 82 that is influenced by heat and pres-
sure, thereby reducing the differential pressure across
the member 82 and subsequently reducing the adverse
effects to the switch member 82. This is especially no-
ticed in applications, e.g., autoclave process, where a
force acts on the member 82. It will be appreciated that
a small area under the member 82 is needed so as to
allow the posts 87 or the like to move as the member 82
is depressed or when it returns to a non-compressed
position.

[0025] Yet another method for reducing the water va-
por and gas transmission rates is to apply a petroleum
product, e.g., an oil or grease film 130, to the elastomeric
switch member 82, particularly to the underside 112
where it will not be disturbed from user handling, as
shown in FIG. 7. For example, a petroleum jelly 130 may
be applied to the entire underside 112 or select portions
thereof. This oil or grease film 130 could be further pre-
vented from migration by placing a laminate 140 over
the oil or grease film 130. The laminate 140 acts as a
cover to retain and contain the oil or grease film 130. A
similar method is to mix silicone oil or another type of
compatible oil or grease into the elastomeric rocker
switch member 82. This reduces the water vapor trans-
mission rate. Once again, a barrier film, such as the lam-
inate 140, could be used to prohibit migration of residual
oils to parts that do not tolerate the oils.

[0026] The water vapor and gas transmission rates of
the elastomeric switch member 82 may also be reduced
by subjecting the elastomeric switch member 82 to a
cryogenic temperature environment to reorganize and/
or more tightly organize and/or refine the molecular mi-
crocrystallinic structure of the elastomeric switch mem-
ber 82. This results in a decrease in the porosity, water
vapor and gas transmission rates, and improves gas
sealing capability of the elastomeric switch member 82.
One suitable technique is to introduce the elastomeric
switch member 82 into a progressive thermally control-
led liquid nitrogen treatment. Another benefit of this
treatment is improved strength (ruggedness) and resist-
ance to puncture of the elastomeric switch member 82.
This is particularly beneficial for durability of thin mem-
bers being heavily flexed or challenged by pointed in-
struments.

[0027] One of skill in the art will further understand
that combinations of the above method may be used ac-
cording to the present invention. For example, a rela-
tively thick elastomeric switch member 82 may be used
with a grease coating being applied in the area of the
thin flexible joint area. Another example would be a
switch button that has a thin flexible perimeter with a
solid low-porosity, non-elastomer switch button being
fused to a relatively porous flexible member, resulting in
a narrow flexible skirt around the body. The resulting as-
sembly has only a small surface area with relatively
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higher vapor transmission rate, thus the amount of va-
por passing into the handpiece 10 is negligible.

[0028] Referring to FIG. 8 and accordance with the
present invention, a web membrane area (e.g., the skirt
surrounding the rocker body) of a rocker switch member
200 is replaced with a puncture resistant flexible mate-
rial 210 made from materials, such as polyimide, a pol-
yester, poly-paraphenylene terephthalamide, and ther-
moplastic elastomers (referred to hereinafter as a
"puncture resistant skirt"). In an exemplary embodi-
ment, the puncture resistant skirt 210 has a thickness
between about 0.0005 inch and about 0.003 inch. One
method of creating such device 200 is to attach (e.g.,
adhere) a rocker shaped element 83 on top of the punc-
ture resistant skirt 210, thereby providing a profile of a
rocker with the benefits of a flexible web zone with punc-
ture/slit resistance that is superior to thin wall elastom-
ers. Another method is to insert mold the puncture re-
sistant skirt 210 into the rocker body, creating an integral
two-material item that combines the benefits of a pro-
filed rocker and a durable web (skirt). The puncture re-
sistant skirt 210 acts as the skirt 85 of FIG. 3.

[0029] The flexibility and displacement ability can be
further enhanced by fabricating folds or rolls 220 into the
puncture resistant skirt 210 as shown in FIG. 8A. Due
to the superior puncture resistance of the puncture re-
sistant skirt 210, the flex area is substantially more re-
sistant to puncture than an elastomeric web (skirt).
These folds/rolls 220 provide a spring-like return action
that returns the rocker 200 to its upward position when
the rocker 200 is no longer depressed. These folds/rolls
220 may also provide detent snap action behavior that
provides tactile feedback to the user. Springs or domes
(not shown) may be used under the rocker 200 if needed
to supplement or completely provide the means for rock-
er return upward when the rocker 200 is released. Plas-
tic springs/domes may be especially useful due to their
non-corrosive nature in the presence of steam and heat.
Also, the puncture resistant skirt 210 has improved re-
sistance to air flow through it, thus reducing the perme-
ability of the rocker 200. This reduced permeability fa-
cilitates proper behavior of the rocker during and after
autoclaving.

[0030] Furthermore, selection of the film to form the
puncture resistant skirt 210 or a supplemental coating
that has a relatively low friction slick surface (compared
to an elastomer which has a higher friction) discourages
puncture/slitting during cleaning/handling. Suitable low
friction materials include but are not limited to polyim-
ides, polyseters, polytetrafluoroethylene materials, and
titanium nitride. For example, instruments, such as
brushes, striking a slippery member are more apt to
slide across the member than pierce it, as compared to
a normal elastomeric member. Thus, forming the punc-
ture resistant skirt 210 so that at least a surface thereof
has a low friction surface enhances the puncture resist-
ance of the puncture resistant skirt 210. A supplemental
surface treatment, such as ion-implantation, may also
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be used.

[0031] Another method of improving the switch mem-
ber 200 for better durability and improved resistance to
passage of air/humidity is to keep the web membrane
intact but surface treat predetermined surfaces of the
switch member 200 using a suitable surface treatment
process. More specifically, at least the web membrane
area (skirt) is surface treated and preferably, the surface
treatment is done to the interior (underside) and/or ex-
terior of the rocker switch member 200. For example,
the entire underside may be surface treated. Surface
treatments that can be used include, but are not limited
to, applying parylene, ceramics (such as silicone diox-
ide, titanium nitride, etc.), metal coatings (such as alu-
minum, gold, titanium, platinum, etc.) or other suitable
coating materials having the desired properties.

[0032] As shown in FIGS. 9 and 9A, another method
of improving an elastomer switch member 300 for better
durability and improved resistance is to impregnate the
elastomeric resin that is used to make the elastomeric
switch member 300 with microspheres 310. The micro-
spheres 310 may be formed of any number of materials
and in an exemplary embodiment, the microspheres
310 are made of glass, carbon, silicon, aluminumoxide,
alumina etc. The microspheres 310 may be solid or hol-
low. These microspheres 310 provide a pierce-resistant
substrate and reduce the permeability of a skirt 312 and/
or a body portion 314 of the member 300 since they im-
pede gas flow. Because the microspheres 310 have a
very small diameter, e.g., from about 15 microns to
about 100 microns, and have a generally annular shape,
the microspheres 310 do not significantly interfere with
web flexibility. However, the microspheres 310 may
have any number of other shapes. Alternatively, the
elastomer may be impregnated with superfine fibers
such as quartz fibers, ceramic fibers, synthetic fibers,
such as polyvinylidenefluoride fibers, having an exem-
plary diameter from about 1 to about 15 microns. Anoth-
er method of reducing the water vapor and gas trans-
mission rates is to increase the thickness of the elasto-
meric switch member over most of the part, leaving the
part thin only where it functionally needs to be of re-
duced thickness. Increased thickness of the elastomeric
switch member dramatically reduces the vapor trans-
mission rate. The microspheres 310 may be located on-
ly in the skirt 312 or may be dispersed throughout the
entire switch member, including the body 314 and the
skirt 312 areas.

[0033] As previously-mentioned, the thinness of the
skirt (i.e., a flexible seal) may not provide a very robust
seal, since air and humidity can pass through. In other
words, the permeability of the skirt is high in convention-
al configurations. While it is desired that the skirt have
a low permeability, some amount of permeability is typ-
ically present. The amount of gas/humidity passage
across the skirt and other portions of the member is de-
pendent upon on the pressure difference on each side
of the member.
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[0034] The switch member 82 (FIG. 3) is designed to
provide substantial displacement in an outward/upward
direction and an inward/downward direction. This sym-
metrical displacement capability reduces the differential
pressure across the member, thereby reducing the gas/
humidity flow across the member. By reducing the flow
across the member, the rocker is able to return to it nor-
mal position after autoclaving unlike conventional rock-
ers which tended to he held down without user interven-
tion. as previously-described. Another benefit of re-
duced flow is higher reliability since humidity is not as
readily traveling inside the sealed chamber to potentially
influence components.

[0035] According to the present invention, the sym-
metrical displacement can be accomplished by several
means. One example is the use of folds or rolls 220 as
shown in the switch member 200 of FIG. 8A. The use of
folds/rolls 220 in the skirt region 210 permits upward mo-
tion as well as downward motion. Another method is to
provide adequate slack in the member which permits
member expansion outward as well as inward. Further-
more, a elastic material, e.g., polyurethane, that readily
elongates may be used to form the rocker, thereby per-
mitting the rocker to expand outward. In all of these em-
bodiments, the differential pressure across the member
is controlled through adequate rocker motion in both di-
rections.

[0036] Referring now to FIG. 10 in which another em-
bodiment to avoid the difficulties associated with differ-
ential pressure across the member is to use a vent that
does not allow fluid into the sealed interior cavity 100
but allows for pressure equalization. The main purpose
for sealing the interior cavity 100 is to prevent fluids (e.
g., water, saline, cleaners, blood, etc.) from entering the
sealed interior cavity 100 which houses the switch
mechanism 40 (FIG. 2). Ingress of such materials could
corrode or otherwise jeopardize the functionality of the
switch mechanism 40 and could provide debris to the
interior cavity 100 that would be unacceptable from a
sterility standpoint, especially if it were to leak out sub-
sequently. The vent according to the present invention
does not permit fluid to enter the interior cavity 100 and
if for some reason, fluid did enter the interior cavity 100,
the vent would resist fluid flow outward toward the pa-
tient.

[0037] Referring stillto FIG. 10 in which one exempla-
ry method of venting gas yet blocking fluids from enter-
ing the interior cavity 100 is shown. In situations where
it is difficult to seal off the handpiece interior cavity 100
due to material porosity, the water vapor may aggres-
sively enter the interior cavity 100 (due to autoclave
pressures) but only slowly exit back through the elasto-
meric rocker switch member 82 since the pressure and
heat are not advantageous following autoclave. A vent
150 is formed in the outer shell 91 of the switch end cap
90 and is covered with a microporous hydrophobic
membrane 160. The microporous hydrophobic mem-
brane 160 is formed from any number of suitable hydro-
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phobic materials, including but not limited to poly-
tetrafluoroethylene (PTFE) and polypropylene. The hy-
drophobic membrane 160 permits air to freely enter and
exit the handpiece 30 but blocks the entrance of liquids.
Thus, while air can rapidly enter the interior cavity 100
of the handpiece 30, it will also exit the handpiece 30 in
a reasonably short period of time. The hydrophobic
membrane 160 permits air pressure equalization be-
tween the interior cavity 100 and the exterior of the
handpiece 30 (FIG. 1) while at the same time, liquids
are blocked. The microporous hydrophobic membrane
barrier 160 also acts as a viral and bacterial barrier that
filters the air entering and leaving through it.

[0038] In another embodiment, one or more vent
holes are formed in the switch end cap 90 and are of a
size which permits gasses to travel therethrough; how-
ever, liquids, such as water, are not inclined to traveling
through the vent 150 due to the small size of the vent
150. In other words, because of the surface tension, lig-
uids do not readily pass through the one or more vent
openings. The resistance to liquid passage of the one
or more vent holes may be enhanced by disposing a
hydrophobic material within the hole wall or by using a
hydrophobic mesh (i.e. hydrophobic membrane 160 of
FIG. 10) across the hole opening. Another method in-
volves providing torturous path vent holes. By using a
relatively long passage way vent hole (e.g., about 0.1 to
about 1.0 inch long with a diameter of about 0.01 inches
according to one embodiment), liquid ingress into the
sealed interior cavity 100 is further discouraged. The
use of a single vent hole can discourage liquid flow since
the single torturous path passage into the sealed interior
cavity 100 does not really allow simultaneous passage
of liquid in one direction into the interior cavity 100 and
displacement of gas, e.g., air, in the other direction.
[0039] Alternatively, vent 150 may be located such
that when the switch end cap 90 is fully assembled, the
vent 150 is not fully accessible. Thereby, any remote
chance of residual fluid flow out the vent 150 will not
presentitself to the user/patient. Instead, itis harmlessly
emitted into another fairly contained space within the as-
sembled handpiece.

[0040] Referring now to FIG. 11 in which a durable
switch assembly is shown and generally indicated at
400. The switch assembly 400 is easily depressed with
light pressure yet has a relatively thick outer shell 402
that is resistant to piercing damage and gas flow. For
example and according to one exemplary embodiment,
the thickness of the outer shell 402 is from about 0.04
inches to about 0.06 inches. Outer shell 402 is in the
form of a bubble dome shaped finger depressing shell
and may be formed of various materials, including but
not limited to, polyimides, polyesters, and other suitable
materials. The outer shell 402 has two active regions,
namely a first region 404 and a second region 406. Due
to the dome shape, the outer shell 402 is readily deform-
able by finger pressure to cause activation of the switch
mechanism 410. The first region 404 has a first post 408
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extending from the outer shell 402 towards the switch
mechanism 410. One end 407 of the first post 408 is
connected, preferably integrally, to the outer shell 402
and an opposite end 409 is disposed proximate to but
not in contact with the switch mechanism 410 in the rest
position shown in FIG. 11. The second end 409 has a
first contact pad 412 which engages a first switch pad
414 formed on a PCB 420, which forms a part of the
switch mechanism 410. The first switch pad 414 is pref-
erably axially aligned with the first contact pad 412 so
that depressing the first region 404 causes the first con-
tact pad 412 to contact the first switch pad 414 resulting
in activation of the switch mechanism 410.

[0041] Similarly, the second region 406 has a second
post 416 extending from the outer shell 402 towards the
switch mechanism 410. One end 417 of the second post
416 is connected, preferably integrally, to the outer shell
402 and an opposite end 419 is disposed proximate to
but not in contact with the switch mechanism 410 in the
rest position shown in FIG. 9. The second end 419 has
a second contact pad 422 which engages a second
switch pad 424 formed on the PCB 420, which forms a
part of the switch mechanism 410. The second switch
pad 414 is preferably axially aligned with the second
contact pad 422 so that depressing the second region
406 causes the second contact pad 422 to contact the
second switch pad 424 resulting in activation of the
switch mechanism 410.

[0042] Optionally, a center support post 430 may be
provided to reduce inadvertent activation when holding
or pressing the center of the outer shell 402. The center
support post 430 extends from the outer shell 402 to the
switch mechanism 410. In the rest position of FIG. 11,
the center support post 430 rests against or is in close
proximity to an inactive portion of the switch mechanism
410. Furthermore, each of the first and second regions
404, 406 may have its own flexible membrane (not
shown) to further reduce depression activation pres-
sure. The exemplary outer shell 402 illustrates a
stepped zone 440 provided at each of the first and sec-
ond regions 404, 406. The stepped zones 440 provide
a finger contact point for the user to depress so that the
respective first and second posts 408, 416 is directed
downward toward the switch mechanism 410. Prefera-
bly, the centermost portion of the zone 440 is positioned
directly above one of the first and second posts 408,
416.

[0043] Referring now to FIGS. 12-15, a second exem-
plary switch end cap is shown and generally indicated
at 500. The switch end cap 500 is of a different config-
uration than the rocker type switch shown in FIG. 2. The
switch end cap 500 has a pair of bellow type switch as-
semblies 510 which are coupled to an outer shell 520 of
the switch end cap 500. The outer shell 520 houses
electrical switch components 530, such as circuit boards
532, which generally act to provide switch signals when
actuated by the user. Each of the circuit boards 532 has
two depressable contact pads 534 which provide the
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signals typically as a result of a circuit being closed due
to the depression of one of the contact pads 534.
[0044] Each switch assembly 510 includes a switch
retainer 512, a pair of bellows 514, and an upper gasket
516. Unlike the unibody rocker type switch member 81
of FIG. 2, the switch assembly 510 utilizes two separate
bellows 514 which act as depressable switch buttons for
causing a signal to be generated. By physically sepa-
rating the bellows 514, the risk that the user will depress
both switch buttons is greatly reduced. To accommodate
the switch assemblies 510, the outer shell 520 has a
pair of spaced openings 522 formed therein. The open-
ings 522 should have complimentary shapes relative to
the bellows 514. In the exemplary embodiment, the bel-
lows 514 have annular shapes and therefore, the open-
ings 522 are generally annular in shape. The openings
522 should also be sized to receive the bellows 514 so
that at least a portion of the bellows 514 extend there-
through.

[0045] Each switch retainer 512 is disposed over one
respective circuit board 532. Accordingly, the dimen-
sions and shape of the switch retainer 512 are prefera-
bly complimentary to the circuit board 532. In the exem-
plary embodiment, each of the switch retainer 512 and
the circuit board 532 has a generally rectangular shape.
The switch retainer 512 has a first surface 540 and an
opposing second surface 542 which faces the circuit
board 532. The first surface 540 has a first platform 544
formed thereon. The first platform 544 has a planar por-
tion and also has a pair of raised stepped sections 546
formed thereon. Each stepped section 546 is formed of
a pair of stacked concentric rings of varying diameters,
as best shown in FIGS. 12 and 13. The ring with the
greater diameter is the lowermost ring with the other
ring, having the lesser diameter, being formed on the
lowermost ring so as to form a projecting structure
formed on the first platform 544.

[0046] Each stepped section 546 has an opening 550
formed therethrough. The opening 550 extends com-
pletely through the switch retainer 512. The stepped
sections 546 are spaced from another so that a gap is
formed therebetween. The stepped sections 546 are
spaced so that they are generally axially aligned and dis-
posed over the contact pads 534 of the circuit board 532.
Consequently, the openings 550 are axially aligned with
the contact pads 534 when the retainer 512 is disposed
over the circuit board 532 in the assembled state. As
best shown in FIGS. 12 and 13, the first surface 540 of
the retainer 512 seats against upper gasket 516 with the
pair of stepped sections 546 being axially aligned with
and disposed underneath the openings 522 formed in
the outer shell 520. A portion of the outer ring of the
stepped section 546 may protrude slightly from the outer
shell 520.

[0047] FIGS. 14 and 15 best illustrate the configura-
tion of the exemplary bellows 514. FIG. 14 is a side el-
evational view of the bellow 514 and FIG. 15 is a cross-
sectional view of the bellow 514. The bellow 514 has a
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body 515 with an upper section 560 which serves as a
contact surface between the user's finger or thumb and
the bellow 514 as it is depressed or released. The body
515 also has a lower section 562 which seats against
and mates with one respective stepped section 546. Be-
tween the upper section 560 and the lower section 562,
the bellow body 515 has a number of integral folds 566.
In the exemplary embodiment, the folds 566 are annular
in shape and are spaced from another. The diameter of
the folds 566 is preferably approximately equal to the
diameter of the upper and lower sections 560, 562; how-
ever, the body 515 has a lesser diameter between the
folds 566. The folds 566 thus form a generally accordi-
on-like structure.

[0048] The folds 566 give the bellow 514 spring-like
characteristics as the accordion-like structure folds
when pressure is applied to the upper section 560. As
soon as the pressure is removed from the upper section
560, the compressed folds 566 expand, thereby return-
ing the bellow 514 to its original state. In one exemplary
embodiment, the bellow 514 is made of a folded metal
material; however, other materials may be used so long
as the materials provide the bellow 514 with the above-
described spring-like characteristics. For example, the
bellow 514 may be formed of nickel with a gold coating
or it may be formed of beryllium copper. In an exemplary
embodiment, the thickness of the metal bellow 514 is
from about 0.0005 inch to about 0.002 inch.

[0049] As best shown in FIG. 15, the bellow 514 has
apost 570 attached to the upper section 560. Preferably,
post 570 is integrally formed with the upper section 560.
The body 515 of the bellow 514 has a central compart-
ment formed therein with the folds 566 surrounding the
central compartment and radially extending therefrom.
The central compartment is open only at the second
section 562 and is configured so that the post 570 ex-
tends through the central compartment and through the
opening formed in the lower section 562. In a first non-
compressed position, as shown in FIGS. 14 and 15, a
lowermost tip 572 of the post 570 extends below the low-
er section 562. The post 570 has a generally annular
cross-section of varying diameter in different sections
along the length of the post 570. More specifically, the
post 570 has an annular flange 578 which has a greater
diameter than the surrounding sections of the post 570.
The annular flange 578 thus defines a first shoulder 579
and a second shoulder 580, closer to the lowermost tip
572. The post 570 has a slight taper from the second
shoulder 580 to the lowermost tip 572.

[0050] Because the post 570 is connected to the up-
per section 560 and is movable within the central com-
partment, a force applied to the upper section 560 and
the resulting compression of the folds 566 causes the
post 570 to be directed downward through the central
compartment. This results in even a greater length of
the post 570 protruding below the lower section 562
when the bellow 514 is in this compressed position. As
best shown in FIGS. 13 and 15, the post 570 is received
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within the opening 550 formed through the switch retain-
er 512. The opening 550 has a diameter that is slightly
larger than the diameter of the annular flange 578. In
the non-compressed position and when the switch end
cap 500 is assembled, the lowermost tip 572 does not
extend below or only slightly extends below the second
surface 542 of the retainer 512. Because the openings
550 of the switch retainer 512 are axially aligned with
the contact pads 534, the posts 570 are likewise axially
aligned with the contact pads 534. The contact pads 534
of the circuit boards 532 are preferably collapsible
domes, whereby the circuit is completed when one of
the domes is collapsed. The collapsible dome is a self-
returning structure in that once a force that causes the
collapsing of the dome is removed, the dome returns to
its initial non-collapsed position.

[0051] The bellows 514 are disposed over the
stepped sections 546 of the retainer 512 using conven-
tional techniques so that the bellows 514 are coupled to
the stepped sections 546. The central compartment of
the body 515 thus receives a portion of the stepped sec-
tion 546 of the retainer 512 permitting the bellow 514 to
be easily located and coupled to the retainer 512. The
upper gasket 516 is disposed over the bellows 514 and
further secures the bellows 514 within the overall struc-
ture. The upper gasket 516 has a pair of spaced open-
ings 517 which receive the bellows 514 with a significant
amount of the bellows 514 extending above the upper
gasket 516 in the assembled, non-compressed position.
The upper gasket 516 is disposed within the outer shell
520 so that it seats against and inner surface of the outer
shell 520. The folds 566 of the bellows 514 preferably
extend above the outer surface of the outer shell 520;
however, the openings 522 of the outer shell 520 have
a diameter which accommodates the bellow 514 and
therefore the bellow 514 can be compressed and driven
further into the opening 550 toward the circuit board 532.
[0052] The compression of the bellow 514 is caused
by the bellow 514 compressing against the stepped sec-
tion 546 of the retainer 512. This compression permits
the lowermost tip 572 of the post 570 to be driven toward
the circuit board 532 and more specifically, the bellow
514 compresses to a degree such that the lowermost
tip 572 is driven into contact with the contact pad 534.
This causes the contact pad 534 (dome) to collapse and
the switch signal to be generated. Thus, in this embod-
iment, the switch assembly 510 is formed of a folded
metal member which has spring-like characteristics per-
mitting the bellow 514 to be compressed under force
and then return to its initial, non-compressed position
once the force is removed. The upper gasket 516 pref-
erably provides a barrier preventing undesired material
from entering the interior of the outer shell 520.

[0053] Because the bellow 514 is formed of a metal,
the bellow 514 is puncture resistant to objects that are
used in normal usage of the surgical handpiece and in-
struments (e.g., wire brushes) used in a normal cleaning
operation (e.g., a sterilization process). The bellow 514
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also provides a permeability barrier which prevents wa-
ter vapor and gas transmission through the bellow 514.
Therefore, the bellow 514 offers all of the advantages
that were described hereinbefore with reference to ear-
lier embodiments of switch members having permeabil-
ity barriers formed therein.

[0054] It will be understood that while the previous
embodiment has been described as including bellow el-
ements 514, other types of depressable switch mem-
bers may be used so long as the switch members freely
move from a non-compressed position to a compressed
position under an applied force and then self return to
the non-compressed position once the applied force has
been removed. For example, instead of having folds
556, the depressable and collapsible switch member
may have a collapsible wall structure (e.g., see FIG. 11)
which collapses under the applied force but returns to
the non-compressed position once this applied force is
removed. This may be metal switch member having a
dome structure similar to that of FIG. 11 or it may include
a different collapsible configuration.

[0055] FIG. 16 illustrates yet another embodiment
which is similar to the embodiment shown in FIGS.
12-15. In this embodiment, the bellow 514 does not in-
clude a post 570 (FIG. 15). Instead, the bellow 514 has
a hollow interior compartment and the portion of the bel-
low 514 which impinges the contact 534 of the circuit
board 532 is actually an inner surface of the upper sec-
tion 560 of the bellow 514.

[0056] The contact 534 is still preferably a collapsible
contact (e.g., dome type configuration); however, a post
535 extends outwardly from the contact 534. The post
535 is similar to the post 570 (FIG. 15) in its dimensions
and size as it is designed to be received in the opening
550 formed in the stepped section 546 of the retainer
512 when the retainer 512 is properly positioned over
the circuitboard 532. The post 535 thus extends through
the opening 550 and extends at least partially into the
interior compartment of the bellow 514. In the non-com-
pressed position, the upper section 560 of the bellow
514 is spaced slightly above the top of the post 535.
When a force is applied to the upper section 560, the
body 515 of the bellow 514 compresses and the upper
section 560 makes contact with the post 535. Because
the post 535 is attached to a collapsible structure itself
(the dome contact 534), the further application of force
against the upper section 560 causes the post 535 to
be driven downward. This results in the dome structure
(contact 534) collapsing and the circuit being closed. A
switch signal is then sent. Once the force is removed or
the force becomes less, the upper section 560 moves
outward as well as the post 535 as the dome structure
534 expands.

[0057] While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those
skilled in the art that various changes in form and detail
may be made therein without departing from the spirit
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and scope of the invention.

Claims

10.

A depressable switch member for use in a surgical
handpiece to seal an interior of the handpiece, the
switch member comprising:

a body and a skirt peripherally extending
around the body; and

a metallic layer disposed in at least one location
of at least one of the body and the skirt.

The switch member according to claim 1, wherein
the metallic layer is disposed only on an underside
of the skirt facing the interior of the handpiece.

The switch member according to claim 1, wherein
the body is in the form of a rocker-type switch
formed of an elastomer.

The switch member according to claim 1, wherein
the metallic layer is disposed on an underside of
both the body and the skirt.

The switch member according to claim 1, wherein
the metallic layer is formed in an intermediate sec-
tion of at least one of the body and the skirt between
upper and lower surfaces thereof.

The switch member according to claim 1, wherein
the peripheral skirt has a thickness less than a thick-
ness of the body, the metallic layer being formed at
least on an underside of the skirt.

A depressable switch member for use in a surgical
handpiece to seal an interior of the handpiece, the
switch member comprising:

a body and a skirt extending peripherally
around the body; and

a substrate disposed between at least one of
the body and the skirt and the handpiece inte-
rior, wherein at least a portion of the substrate
is covered with a permeability barrier.

The switch member according to claim 7, wherein
the substrate is integrally formed with at least one
of the body and the skirt.

The switch member according to claim 7, wherein
the substrate is spaced from an underside of the
body and the skirt.

The switch member according to claim 7, wherein
the permeability barrier is a metallic layer.
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17.

18.

19.

20.

21.

22,
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The switch member according to claim 10, wherein
the metallic layer is a metallic coating having a thick-
ness between about 5 p inch and about 0.005 inch.

The switch member according to claim 7, wherein
the substrate is disposed immediately adjacent at
least one of the body and the skirt.

The switch member according to claim 7, wherein
the permeability barrier comprises a polymeric layer
which has been structurally altered resulting in re-
duced porosity of the polymeric layer.

The switch member according to claim 7, wherein
the permeability barrier comprises a layer which
has been altered so that it contains three dimen-
sional crosslinked polymer chains, whereby the
permeability is reduced.

The switch member according to claim 7, wherein
the permeability layer comprises a petroleum layer
applied to an underside surface of the body.

The switch member according to claim 15, wherein
the petroleum layer is formed of one of an oil layer
and a grease layer.

The switch member according to claim 15, further
including:

a laminate disposed against the petroleum lay-
er so that the petroleum layer is disposed be-
tween at least one of the body and the skirt and
the laminate, the laminate preventing migration
of the petroluem layer.

The switch member according to claim 7, wherein
the permeability barrier is a ceramic layer.

A depressable switch member for use in a surgical
handpiece to seal an interior of the handpiece, the
switch member comprising:

a body and a skirt peripherally extending
around the body; and

a permeability barrier disposed within at least
one of the body and the skirt for reducing a fluid
transmission rate therethrough.

The switch member according to claim 19, wherein
the permeability barrier comprises a plurality of mi-
crospheres disposed throughout at least the skirt.

The switch member according to claim 19, wherein
the permeability barrier comprises a plurality of mi-

crospheres disposed through the body and the skirt.

The switch member according to claim 21, wherein



23.

24,

25.

26.

27.

28.

29.

30.

21

the microspheres comprise one of hollow members
and solid members.

The switch member according to claim 19, wherein
the permeability barrier comprises a plurality of fib-
ers disposed throughout the body.

The switch member according to claim 23, wherein
the fibers are formed of a material selected from the
group consisting of quartz, ceramic, and carbon.

A vent assembly for use in a surgical handpiece for
sealing an interior of the handpiece while permitting
pressure equalization between the interior and ex-
terior, the vent assembly comprising:

aventformed in an outer shell of the handpiece,
the vent being in communication with the hand-
piece interior; and

a hydrophobic membrane disposed over the
vent, the hydrophobic membrane permitting
gases to flow into and out of the interior through
the vent while preventing liquids from entering
the interior through the vent.

The vent assembly according to claim 25, wherein
the hydrophobic membrane comprises a micropo-
rous hydrophobic membrane formed of a material
selected from the group consisting of polytetrafluor-
oethylene and polypropylene.

The vent assembly according to claim 25, wherein
the ventis formed in a location that is not accessible
to a user of the handpiece.

A method of reducing the fluid transmission rate of
an elastomeric switch member for use in a switch
assembly, the method comprising:

subjecting the elastomeric member to a surface
treatment for a sufficient period of time such
that the porosity of at least a portion of the elas-
tomeric member is decreased resulting in a re-
duction of the fluid transmission rate of the elas-
tomeric member.

The method according to claim 28, wherein the sur-
face treatment includes:

placing the elastomeric member in a cryogenic
environment for the sufficient period of time re-
sulting in the decrease in porosity.

The method according to claim 28, wherein the sur-
face treatment includes:

subjecting a surface of the elastomeric member
to an ion implantation process, whereby the
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lower surface is structurally modified resulting
in decreased porosity.

The method according to claim 28, wherein the sur-
face treatment includes:

subjecting a surface of the elastomeric member
to a laser sintering process, whereby the lower
surface is structurally modified.

A method of venting gases from an interior cavity of
a surgical handpiece while preventing liquids from
entering the interior cavity, the method comprising:

forming a vent opening within an outer shell of
the handpiece, the vent opening communicat-
ing with the interior cavity; and

disposing a hydrophobic membrane over the
vent opening, the hydrophobic membrane per-
mitting gases to enter and exit the interior cavity
through the vent opening while preventing lig-
uids from entering the interior cavity through
the vent opening.

The method according to claim 32, wherein the vent
opening is formed in a location that is not accessible
to a user of the handpiece.

The method according to claim 32, wherein the hy-
drophobic membrane comprises a microporous
membrane formed of a material selected from the
group consisting of polytetrafluoroethyelene and

polypropylene.

A switch assembly for use in surgical handpiece to
seal an interior of a handpiece outer shell, the
switch assembly comprising:

a compressible switch member formed of a
metal and including a body having a portion
which is compressible between a first non-com-
pressed position and a second compressed po-
sition under an application of a first force, the
compression of the body portion generating a
return force which is stored and then released
once the first force is removed, the return force
causing the body to return to the first non-com-
pressed position.

The switch assembly according to claim 35, where-
in the compressible switch member comprises a
bellow switch member having a number of folds in-
termediate first and second end sections of the bel-
low for providing compression of the bellow under
the first force, the compression of the folds gener-
ating the return force.

The switch assembly according to claim 36, further
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including:

a retainer having a first surface and a second
surface, the first surface including a platform
having a protruding member formed thereon,
an opening being formed through the protrud-
ing member and extending through the retain-
er;

a gasket disposed over the retainer, the gasket
having an opening for receiving the bellow; and
wherein the bellow is disposed over and cou-
pled to the protruding member, the bellow hav-
ing a portion for contacting a contact of an elec-
tronic switch component.

The switch assembly according to claim 37, where-
in the portion which contacts the contact is a post
which is integrally formed with the bellow and ex-
tends through the opening of the protruding mem-
ber.

The switch assembly according to claim 37, where-
in the contact of the electronic switch component
comprises a collapsible dome structure formed as
part of a printed circuit board.

The switch assembly according to claim 37, where-
in the retainer comprises a retainer plate and the
protruding member comprises a pair of stacked
concentric rings with the opening extending through
the centers thereof.

The switch assembly according to claim 40, where-
in the diameter of a lowermost ring is approximately
equal to an inner diameter of a cavity formed in the
bellow, the cavity receiving the protruding member
so as to locate and couple the bellow to the retainer.

The switch assembly according to claim 41, where-
in the post of the bellow extends through the cavity
and is freely movable therein so that upon applica-
tion of force to an upper section of the bellow, the
post is directed downward and extends further be-
yond a lower end of the bellow.

The switch assembly according to claim 36, where-
in the bellow is a generally annular body having a
lower section and an upper section with the folds
being formed in an intermediate section, the upper,
lower, and intermediate sections having the same
diameter, while the diameter of the body between
the folds and between the folds and the upper and
lower sections is reduced.

The switch assembly according to claim 37, further
including:

a circuit board having a collapsible dome con-
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tact structure formed thereon, the collapsing of
the dome causing a switch circuit of the circuit
board to be closed resulting in a first switch sig-
nal being generated, the retainer being dis-
posed above the circuit board so that the open-
ing extending through the protruding member
and the retainer is axially aligned with collaps-
ible dome.

A switch member for use in a surgical handpiece to
seal an interior of the handpiece, the switch mem-
ber comprising:

a body and a skirt peripherally extending
around the body, wherein at least the skirt is
formed of a material that is impermeable to flu-
ids.

The switch member according to claim 45, wherein
the skirt has a number of folds formed therein.

The switch member according to claim 45, wherein
the skirt is formed of a polymeric material that has
been surface treated so that a porosity of the poly-
meric layer is reduced.
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