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DETECTION CIRCUITRY FOR
SURGICAL HANDPIECE SYSTEM

ABSTRACT

Various circuit configurations for use in switch assembly used in a surgical hand
ptece system are provided. The circuit configuration provide a number of functions such as
permitting the presence and direction of conductivity to be detected. The circuit configurations
also provide a means for detecting and measuring the degree of influence of debris which is
located between the conductive members of the handpiece. Inaddition, the circuit conf; gurations
also provide a means for identifying the type of switch end cap which is attached to the
handpiece. The handpiece body and the switch mechanism are electrically connected to one
another in such a manner that permits the switch end cap to be freely rotated about the handpiece

body and reduces the number of conductive members needed to communicate the status of each

switch.
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DETECTION CIRCUITRY FOR SURGICAL HANDPIECE SYSTEM

BACKGROUND OF THE INVENTION
CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. provisional patent application seral
No. 60/241,889, filed October 20, 2000 and U.S. provisional patent application senal No.
60/242,272, filed October 20, 2000, both of which are hereby incorporated by reference in
their entirety.

TECHNICAL FIELD

This invention relates to ultrasonic surgical systems and, more particularly, to
an improved apparatus for facilitating the performance of surgical procedures such as
simultaneous soft tissue dissection and cauterization of large and small blood vessels through
the use of a precisely controlled ultrasonically vibrating instrument, such as a blade or scalpel.

BACKGROUND

It is known that electric scalpels and lasers can be used as surgical instruments
to perform the dual function of simultanéously effecting the incision and hemostatis of soft
tissue by cauterizing tissues and blood vessels. However, such instruments employ very high
temperatures to achieve coagulation, causing vaporization and fumes as well as splattering.
Additionally, the use of such instruments often results in relatively wide zones of thermal
tissue damage.

Cutting and cauterizing of tissue by means of surgical blades vibrated at high
speeds by ultrasonic drive mechanisms is also well known. In such systems, an ultrasonic
generator is provided which produces an electrical signal of a particular voltage, current and
frequency, €.g., 55,500 cycles per second. The generator is connected by a cable to a
handpiece, 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
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of its elements. A structure connects the transducer to a surgical blade, which 1s thus vibrated
at ultrasonic frequencies when the generator signal is applied to the transducer. The structure
1s designed to resonate at the selected frequency, thus amplifying the motion initiated by the
transducer.

The blade 1s often non-symmetrical in shape and, during the surgical
procedure, the physician manipulates the handpiece to cause the blade to contact the tissue to
be treated. Because the switch which controls operation of the blade 1s disposed on the
handpiece, the location of the switch may at times prevent the physician from contacting
tissue with the desired orientation of the blade because the relative position between the
switch and the blade may prevent or render 1t difficult for the physician to manipulate the
blade to the proper position while still being able to activate the switch with his/her fingers.

Thus, there 1s a need for a handpiece and switch assembly which will permit

the physician to freely access tissue and operate thereon without having to worry about the

relative position between the switch and the blade.

SUMMARY OF THE INVENTION

Vanous circuit designs for use in surgical handpiece systems are disclosed
herein. The surgical handpiece system includes a switch end cap which is rotatably and
preferably detachably connected to the handpiece body with a switch mechanism being
provided in the switch end cap. The handpiece body and the switch mechanism are
electrically connected to one another in such a manner that permits the switch end cap to be
freely rotated about the handpiece body, thereby reducing the number of conductive members
needed to communicate the status of each switch.

In one aspect, a sensing circuit is provided within a component of a console
which 1s connected to the handpiece body and provides power thereto. For example, the
sensing circuit 1s designed to detect the presence and direction of conductivity across the
conductive members of the handpiece. The switch end cap has a circuit which also permits a
reduced number of conductive members to be used to convey signals for monitoring the status

of a predetermined number of independent switches, which form a part of the switch end cap.

The circuits and the configuration of the conductive members of the handpiece permit the
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status of fwo independent switches to be monitored with just two sets of conductive
members, rather than the three or more sets of conductive members that would be
otherwise required in a more traditional form of circuit monitoring. This reduction in
conductive members permits the handpiece construction to be made smaller and more
reliable.
In some aspects, there 1s provided a sensing circuit, comprising:
a transformer operatively coupled in parallel to a primary source; said
transformer having a primary winding and a secondary winding;
a source for providing a drive signal to the primary winding of the
transformer;
a device operatively coupled to the primary winding of the transformer for
measuring current flow through the transformer;
a plurality of conducting members connected to the secondary winding of
the transformer; and
test point coupled to the primary winding of the transformer;
wherein each of the plurality of conducting members respectively
communicate with a plurality of corresponding conductive members of a switch
end cap.
In another aspect, the sensing circuit of the handpiece assembly and the circuit of
the switch end cap provide a means for detecting and measuring the degree of influence

of debris which is located between the conductive members of the handpiece. In
addition, the maleffects of such debris 1s resisted by providing a handpiece using the
circuit construction of the present invention.

In yet another aspect, the circuit of the switch end cap in combination with the
sensing circuit may be used as a means for identifying the type of switch end cap which
is attached to the handpiece body. By varying the circuit used in the switch end cap, the

type of switch end cap may be detected by the sensing circuit. Thus, the console,



10

15

CA 02359281 2008-12-04

-3A -

including the sensing circuit, i1s able to detect what type of switch end cap is attached to
the handpiece.

Other features and advantages of the present invention will be apparent from the
following detailed description when read in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present embodiments will be more readily
apparent from the following detailled description and drawings of illustrative
embodiments in which:

FIG. 1 is 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 1s a fragmentary perspective view of one exemplary handpiece and switch
end cap;

FIG. 3 1s a longitudinal cross-sectional view of the handpiece;

FIG. 4 1s a longitudinal cross-sectional view of the switch end cap;

FIG. 5 1s a cross-sectional view of the handpiece and switch end cap taken along
the section line 5-5 of FIG. 1
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FIG. 6 is an enlarged cross-sectional view showing the switch end cap with a
portion of the outer surface broken away;

FIG 7 is a fragmentary enlarged cross-sectional view of the electncal
connection between the switch end cap and the handpiece body and taken along the line 7-7 of
FIG. 4;

FIG. 8 is a cross section view of one exemplary method of electrically
connecting conductive members using a capacitive coupling arrangement between the

opposing conductive members;

FIG. 9 1s a circuit diagram of one exemplary sensing circuit for use in the
handpiece assembly;
FIGS. 10-21 are circuit diagrams showing various embodiments of circuits for

use in the switch end cap according to one embodiment; and

FIG. 22 1s a cross section view of a sensor used to detect fluid/debns within the

handpiece.

DESCRIPTION OF ILLUSTRATIVE EXEMPLARY EMBODIMENTS

Refernng first to FIG. 1 in which an ultrasonic surgical cutting and hemostatis
system according to one embodiment is illustrated and génerally indicated at 10. The system
10 includes a console or housing 20 for containing an ultrasonic generator (not shown) and a
control system located within the console 20 which forms a part of the system 10. A first
cable 22 connects the console 20 to a handpiece 100 and serves to provide an electrical
connection therebetween. The first cable 22 includes a first set of wires (not shown) which
permit electrical energy, 1.e., drive current, to be sent from the console 20 to the handpiece
100 where 1t imparts ultrasonic longitudinal movement to a surgical instrument 30.
According to an exemplary embodiment, the surgical instrument 30 1s preferably a sharp

scalpel blade or shear. This instrument 30 can be used for simultaneous dissection and

cauterization of tissue.
The supply of ultrasonic current to the handpiece 100 is controlled by a switch
mechanism 110 disposed within the handpiece 100. As will be described 1n greater detail

hereinafter, the switch mechanism 110 1s connected to the console 20, more specifically the
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generator thereof, by one or more wires (not shown) of the first cable 22. The generator may
also be optionally and further controlled by a foot switch 40 which 1s connected to the console
20 by a second cable 50. Thus, 1n use, a surgeon may apply an ultrasonic electrical signal to
the handpiece 100, causing the instrument 30 to vibrate longitudinally at an ultrasonic
frequency, by operating the switch mechanism 110 on the handpiece 100 or the foot switch
40. The switch mechanism 110 is activated by the hand of the surgeon and the foot switch 40
1s activated by the surgeon’s foot.

The generator console 10 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 cutting power. The liquid
crystal display device 20 can also be utilized to display other parameters of the system. Power
switch 26 1s used to turn on the unit. While it is warming up, the “standby” light 28 is
illuminated. When 1t 1s ready for operation, the “ready” indicator 14 is illuminated and the
standby light goes out. If the umit is supplying maximum power, the MAX indicator is
illuminated. If a lesser power is selected, the MIN indicator is illuminated. The level of
power when MIN is active is set by button 16.

[f a diagnostic test is to be performed, it is initiated by the “test” button 19. For
safety reasons, €.g., to make sure a test is not started while the blade is touching the surgeon or
other personnel, the button 19 may be depressed in combination with switch mechanism 110
or foot switch 40. Also, if the switch mechanism 110 is to be operative instead of foot switch
40, “hand activation” button 18 on the front panel must be selected or enabled using button
18.

When power 1s applied to the ultrasonic hand piece 100 by operation of either
switch mechamsm 110 or switch 40, the assembly will cause the surgical scalpel or blade 30
to vibrate longitudinally at approximately 55.5 kHz, and the amount of longitudinal
movement will vary proportionately with the amount of driving power (current) applied, as
adjustably selected by the user. When relatively high cutting power is applied, the blade 30 is
designed to move longitudinally in the range of about 40 to 100 microns at the ultrasonic
vibrational rate. Such ultrasonic vibration of the blade 30 will generate heat as the blade

contacts tissue, 1.€., the acceleration of the blade through the tissue converts the mechanical
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energy of the moving blade 30 to thermal energy in a very narrow and localized area. This
localized heat creates a narrow zone of coagulation, which will reduce or eliminate bleeding
in small vessels, such as those less than one millimeter in diameter. The cutting efficiency of
the blade, as well as the degree of hemostasis, will vary with the level of driving power
applied, the cutting rate of the surgeon, the nature of the tissue type and the vascularity of the
tissue.

Referming now to FIGS. 2-7, in which the handpiece 100 1s 1llustrated in greater
detail, the ultrasonic handpiece 100 houses a piezoelectric transducer, generally indicated at
120, for converting electrical energy to mechanical energy that results 1n longitudinal
vibrational motion of the ends of the transducer. The transducer 120 is preferably in the form
of a stack of ceramic piezoelectric elements with a motion null point between the end of the
stack. A horn 130 1s coupled to the transducer 120 on one side. Instrument 30 1s fixed to a
portion of the horn 130. As a result, the instrument 30 will vibrate in the longitudinal
direction at the ultrasonic frequency rate of the transducer 120. The ends of the transducer
120 achieve maximum motion when the transducer 120 1s driven with a current of 380mA
RMS at the transducer resonant frequency. This 1s merely a general overview of the operation
of the handpiece 100 and one of skill in the art will appreciate how the specific components
operate to accomplish the ultrasonic surgical action.

The parts of the handpiece 100 are designed such that the combination will
oscillate at the same resonant frequency. In particular, the elements contained therein are
tuned such that the resulting length of each element 1s one-half wavelength. Longitudinal
back and forth motion 1s amplified as the diaineter closer to the instrument 30 of the
acoustical mounting horn 130 decreases. Thus, the horn 130, as well as the instrument 30, are
shaped and diminished so as to amplify blade motion and provide harmonic vibration in
resonance with the rest of the acoustic system, which produces the maximum back and forth
motion of the end of the acoustical mounting horn 130 close to the instrument 30.

The handpiece 100 includes a body 150 which contains intemal operating
components, such as but not limited to the transducer 120 and the horn 130. The body 150 is
designed to mate with a switch end cap 200 (FIG. 2) which is rotatably coupled to the body
150, as will be described 1n greater detail hereinafter. Preferably, the switch end cap 200 is
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detachably connected to the body 150. The body 150 has a distal end 152 and an opposing
proximal end 154 which attaches to one end of the cable 22. The body 150 may have any
number of shapes and is designed so that a user may easily grip and comfortably hold the
handpiece 100 in one’s hand. Preferably, the body 150 is generally annular in shape and 1n the
exemplary embodiment, the handpiece 100 has a design with multipie tapered sections
permitting the user to grasp and rest a thumb and one or more fingers around the handpiece
100. In the illustrated embodiment, the body 150 is formed of a metal matenal; however, one
will appreciate that the body 150 may be formed of a number of matenals, including but not
limited to plastic matenails.

At the proximal end 154, an electrical adapter 156 is provided and 1s
electrically connected to the cable 22 by means of one or more wires (not shown). The
electrical adapter 156 is also electrically connected to other internal components of the
handpiece 100 so that power may be selectively provided to the handpiece 100 using the
switch mechanism 110, as will be descnibed in greater detail hereinafter. The proximal end
154 1s generally closed ended with the cable 22 being routed therethrough, while the distal end
152 1s at least partially open ended. The horn 130 extends in the direction of the distal end
152 such that a distal tip 132 of the horn 130 extends beyond the distal end 152 of the
handpiece 100. The distal tip 132 has a stud 456 or the like extending outwardly therefrom.
Preferably, the stud 456 comprises a threaded stud and is designed to threadingly mate with
the instrument 30 to secure the instrument 30 to the handpiece 100. The instrument 30 has a
blade portion 32 (FIG. 5) with an insulative sheath 34 disposed about the blade portion 32.
The blade portion 32 also has an exposed blade tip 36 which extends beyond the insulative
sheath 34 so as to be available for contacting and cutting tissue and the like. The insulative
sheath 34 is formed of any number of suitable insulative matenals, and in one exemplary

embodiment 1s formed of a plastic matenal.

At the distal end 152, the body 150 has a reduced diameter so as to form a
flange member 160 (FIG. 3). The flange member 160 defines a cavity 162 through which the
homn 130 extends. In the illustrated embodiment, the flange member 160 1s annular 1n shape
and extends to a location just before the distal tip 132 of the horn 130 so that a portion of the

homn 130, including the distal tip 132, extends beyond the end of the flange member 160. A
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shoulder 164 is formed at the location where the flange member 160 extends from the
remaining portion of the body 150. An outer surface 166 of the flange member 160 may
include one or more ridges, generally indicated at 168, which extend annularly around the
outer surface 166. In the illustrated embodiment shown 1n FIG. 2, there are two rnidges 168 in
the form of threads spaced apart from one another and, because of the annular shape of the
outer surface 166, the ndges 168 comprise annular threads. It will be appreciated that the
outer surface 166 1s constructed so that it complementarily mates with the switch end cap 200.

As best shown 1n FIGS. 2 and 7, the body 150 also includes a first conductive
finger element 170 which is disposed about the horn 130 within the cavity 162. In the
exemplary embodiment, the first conductive finger element 170 1s an annular ring-like
member formed of a plurality of fingers 171 radially disposed about the hom 130. Each finger
171 of the conductive finger element 170 has a senally-connected first section 172 and a
second section 174, which compnises a free end of the finger 171. The free second section
174 electrically engages another conductive member when the handpiece 100 is assembled, as
will be described in greater detail hereinafter. The second section 174 is preferably bent in
several locations so that it assumes a generally zig-zag shape and is resilient so that the fingers
171 may be bent outwardly under an applied force. It will be appreciated that instead of
having a plurality of fingers 171, only a single finger 171 may be provided.

At the proximal end of the first section 172, each finger 171 connects to a first
conductive base ring, generally indicated at 176, which provides a conductive path between all
of the fingers 171. The first conductive base ring 176 1s also used to properly locate and
position the first conductive finger element 170 within the body 150 and more specifically,
within the cavity 162. The first conductive base ring 176 is anchored within the body 150 and
1s electnically 1solated from the conductive body 150 by using one or more spacers 178 which
are disposed between the body 150 within the cavity 162 and the ring 176. Because of the
annular shape of the body 150 and the hom 130, the one or more spacers 178, generally in the
form of insulative rning structures, are disposed between the fingers 171 and the conductive
body 150. Typically, the one or more spacers 178 are formed of any number of suitable
plastic matenals or elastomeric matenals. The first conductive finger element 170 is also

spaced a sufficient distance from the horn 130, which is also formed of a conductive matenal,
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e.g., metal, so that the fingers 171 or other part of the element 170 do not make contact with
the horn 130 during assembly of the handpiece 100. By disposing the one or more spacers
178 between the fingers 171 and the body 150, the spacer 178 serves to shightly urge the
fingers 171 inwardly away from a conductive inner surface 151 of the body 150.

As previously mentioned with respect to FIG. 3, the cable 22 serves to provide
power to the handpiece and accordingly, the first conductive finger element 170 1s electrically
connected to the electrical adapter 156 by means of one or more electrical wires (not shown)
which extend along a length of the body 150 from the electrical adapter 156 to the first
conductive finger element 170. It will also be appreciated and will be described in greater
detail hereinatfter, that the body 150 itself serves as an electrical pathway or wire because the
body 150 1s electrically connected to the cable 22.

As best shown in FIGS. 4-7, the switch end cap 200 mates with the body 150
so that the switch end cap 200 may freely rotate about the handpiece body 150 during
operation of the handpiece 100. The switch end cap 200 1s formed of an outer shell 201
having a distal end 202 and an opposing proximal end 204 with the proximal end 204 of the
switch end cap 200 receiving and mating with the distal end 152 of the body 150 (FIG. 4).
The shell 201 has an outer surface 206 (FIG. 7) which 1s contoured to be gripped and held by a
user during operation of the handpiece 100. The proximal end 204 of the shell 201 is
generally annular 1n nature and the exemplary shell 201 slightly tapers inwardly to form a
switch section 210 close to the distal end 202. This slight taper forms finger shaped recessed
portions which permit the fingers of a user to easily grip and hold the shell 201 as during
coupling of the switch end cap 200 to the body iSO or during rotational movement of the
switch end cap 200 relative to the body 150.

The switch section 210 is actually formed of a pair of opposing contoured
finger sections, generally indicated at 212 (FIG. 1), and a pair of opposing recessed button
sections, generally indicated at 214 (FIG. 6). Preferably each finger section 212 is formed
about 180° apart from the other finger section 212 and one recessed button section 214 is
formed about 180° apart from the other button section 214. The holding and rotational
manipulation of the shell 201 1s done by placing a thumb on one finger section 212 and a

finger, i.e., the middle finger, in the other of the finger sections 212. This permits the index
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finger to rest upon one of the button sections 214. Each button section 214 is slightly tapered
relative to the proximal end 204, while the taper to form the finger sections 212 is more
pronounced to accommodate resting locations for the thumb and one or more fingers.

The outer shell 201 is at least partially open at both the distal end 202 and the
proximal end 204 with a bore 220 extending therethrough (FIG. 4). The bore 220 1s sized to
receive a first conductive member 230 which is securely located within the switch end cap
200 by disposing the first conductive member 230 within the bore 220. In the exemplary
embodiment, the first conductive member 230 comprises a cylindrical member formed of a
suitable conductive material, such as a metal. The first conductive member 230 extends along
a length of the outer shell 201 from a point near the distal end 202 to a point near the proximal
end 204. Preferably, the diameter of the opening at the distal end 202 1s about the same size
as the diameter of the conductive member 230 and is axially aligned therewith so as to permit
access to the inside of the conductive member 230 so that the instrument 30 may inserted
therein and the inside of the conductive member 230 may be cleaned, etc.

As best shown 1n FIGS. 5 and 6, at the distal end 202, a seal member 240 is
disposed at the end of the conductive member 230. More specifically, the seal member 240 1s
retained in a groove formed in the shell 201 adjacent to the conductive member 230. The seal
member 240 is preferably formed of an elastic matenal, preferably an elastomeric matenal,
and more preferably is formed of silicon. As will be described in greater detail herenafter,
the seal member 240 is designed to prevent unwanted foreign matter from entering the inside
of the conductive member 230. When the switch end cap 200 mates with the handpiece body
150, the instrument 30 extends through the conductive member 230 and exits through the
opening formed at the distal end 202 of the switch end cap 200. Accordingly, the instrument
30 extends through the seal member 240. Due to the elastic nature of the seal member 240,
the seal member 240 engages the sheath 34 of the instrument 30 to produce a seal
therebetween. This seal prevents the unwanted foreign matter from entering through the
opening formed at’ the distal end 202 of the shell 201 because any matter that might enter,
during a surgical operation, 1s restricted by the seal member 240.

As best shown in FIG. 6, near the proximal end 204, the switch end cap 200

has an annular platform 250 formed thereat which 1s preferably concentric to the conductive
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member 230. The annular platform 250 has an opening formed at the center thereot because
the bore 220 is formed through the annular platform 250 and more specifically, one end of the
bore 220 begins at the annular platform 250. The annular platform 250 extends radially
inwardly toward the proximal end 204 and away from another annular surface 252 which
extends between the inner surface 203 of the shell 201. Because the annular platform 250
preferably has a diameter less than the diameter defined by the inner surface 203 of the outer
shell 201, a gap 254 is formed between the annular platform 250 and an inner surface 203 of
the shell 201. The annular platform 250 may thus be thought of as a spacer member. The
conductive member 230 has a length such that a section of the conductive member 230
extends beyond the annular platform 250 into a cavity formed between the inner surface 203
of the shell 201 at the proximal end 204. The inner diameter of the shell 201 near the
proximal end 204 may vary slightly due to one or more lip portions 258 being formed on the
inner surface 203 of the shell 201. These one or more lip portions 258 serve to provide
engaging surfaces for the handpiece 100 when the handpiece body 150 is coupled to the
switch end cap 200.

As best shown in FIGS. § and 6, the switch end cap 200 also includes a pair of
switch button members 270 which are detachably secured within the button sections 214
formed in the outer shell 201. Each switch button member 270 has an upper surface 272 and
includes a flange 274 seating against a retainer 275 formed as part of the outer shell 201. The
flange 274 seals with the retainer 275 so to prevent any foreign material and the like from
entering the electronic switch components of the switch mechanism 110. The retainer 275 is
preferably attached to the outer shell 201 by conventional techniques, including a snap-fit
arrangement. First and second posts 276, 278, respectively, extend outwardly from the
switch button member 270. The first and second posts 276, 278 are spaced apart from one
another with a center traverse wall 280 being formed therebetween. The upper surface 272
includes a first raised section 282 and a second raised section 284 spaced therefrom with a
center recessed section 286 being formed therebetween. The upper surface 272 is thus slightly
beveled as the switch button member 270 transitions from the center recessed section 286 to
the first and second raised sections 282, 284. In the illustrated embodiment, the first post 276

is disposed generally below the first raised section 282 and the second post 278 is disposed
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generally below the second raised section 284 so that when a user presses downwardly upon
the first raised section 282, the first post 276 is also directed downward. Similarly, when the
user presses downwardly upon the second raised section 284, the second post 278 1s directed
downward.

The switch button members 270 are each designed to act as a depressable
switch button for selectively causing activation of the handpiece 100 as will be described in
greater detail hereinafter. The switch button members 270 are formed of suitable materials,
such as plastic matenals, and preferably the switch button members 270 are formed of a
resilient plastic material. In one exemplary embodiment, the switch button members 270 are
formed of silicon which permits the members to be sufficiently resilient enough so that they
may be fitted and secured within the button sections 214 and also provide an engagement
surface for a finger or thumb during operation of the handpiece 100. In one aspect of the
present invention, the contour of the switch button member 270 permits a fingertip to easily
rest between the first and second raised sections 282, 284. In other words, the finger tip seats
and rests within the center recessed section 286 without actuating the switch mechanism 110.
Because the switch button members 270 are disposed within the button sections 214, the
switch button members 270 are spaced about 180° from one another. The recessed section
286 advantageously provides a location for the user to rest a finger during operation of the
switch button member 270 without inadvertently activating the switch button member 270.
This results because the recessed section 286 is above the pivot point of the switch button
member 270.

The switch end cap 200 also includes a pair of printed circuit boards (PCBs)
290 which form a part of the electronic switch mechanism 110. The PCBs 290 are disposed
within the outer shell 201 such that the PCBs 290 are disposed between the conductive
member 230 and the switch button members 270. The PCBs 290 extend longitudinally
relative to an axis extending through the bore 220 formed 1n the switéh end cap 200. A distal
end 292 of each PCB 290 1s located near the distal end 202 of the switch end cap 200 and
proximate to the seal member 240. The PCB 290 has a proximal end 294 opposite the distal
end 292. It will be understood that instead of using PCBs 290, other suitable electronic

components may be used, such as a flexible circuit component known as a “flexprint”.
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A pair of fasteners 300 serve to electncally connect the PCBs 290 to the
conductive member 230. More specifically, one side of a switch circuit according to the
present invention 1s defined by the conductive member 230 since the PCB 290 i1s electrically
connected thereto. The pair of fasteners 300 extend through openings (not shown) formed in
the PCBs 290 to provide the desired electrical connection between the PCBs 290 and the
conductive member 230.

As shown 1n FIG. 5, the pair of fasteners 300 are positioned beneath the center
tréverse wall 280. Each button section 214 formed in the outer shell 201 contains openings
formed therein and spaced apart from one another for receiving the first and second posts 276,
278 of the switch button member 270. The exemplary switch mechanism 110 1s known as a
rocker type switch mechanism and, according to one embodiment, two switch button members
270 form, 1n part, the switch mechanism 110. Each switch button member 270 has two switch
settings. For example, the first raised section 282 and the first post 276 are associated with a
first switch setting and the second raised section 284 and the second post 278 are associated
with a second switch setting. Preferably, the first switch setting of one switch button member
270 1s the same as the first switch setting of the other switch button member 270 disposed
about 180° therefrom. In one exemplary embodiment, the first switch setting 1s a maximum
power setting and the second switch setting i1s a minimum power setting (or a lesser power
setting than the maximum setting). It will be understood that the opposite may equally be
true, 1n that the first switch setting may be designed for causing the transmission of minimum
power to the handpiece 100 and the second switch setting will then cause the transmission of
maximum power to the handpiece 100.

The PCBs 290 are thus also designed to provide a circuit having two different
switch settings. It will also be appreciated that any number of PCBs 290 may be used in the
practice of the present invention so long as the PCBs 290 contain circuits which provide
signals to the generator or the like causing the delivery of at least two different levels of power
to the handpiece 160 depending upon which portion of the switch button member 270 is
contacted by the user. One preferred type of PCB 290 1s a dome switch type PCB 290 in
which a first dome (not shown) is formed as part of the PCB 290 for generating a first signal

(e.g., a maximum power signal) when the first dome 1s collapsed under an applied force. The
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dome switch type PCB 290 also includes a second dome (not shown) formed as part of the
PCB 290 for generating a second signal (e.g., a mimimum power signal) when the second
dome 1s collapsed under an applied force. It will be understood that the switch mechanism
110 of the present invention is not limited to generating signals for controlling the delivery of
power to the handpiece 10. The switch mechanism 110 may also be used to generate signals
which control other functions of the handpiece 10. For example, the control signals may be
used to selectively control console functions, including but not limited to, a stand-by function,
a diagnostic function, and turning the console 20 on and off.

The first dome 1s disposed underneath the first post 276 so that when the user
depresses the first raised section 282, the switch button member 270 pivots about the fastener
300 and the first post 276 1s directed downwardly through the respective opening formed in
the button section 214 until contact is made between the first post 276 and the PCB 290.
More specifically, the first post 276 contacts the first dome of the PCB 290 and causes the
first dome to collapse. When the first dome collapses, electrical current flows in a first
direction through the PCB 290 and generally through the switch mechanism 110. When the
user depresses the second raised section 284, the second post 278 contacts and collapses the
second dome and causes electrical current to flow 1n an opposite second direction through the
PCB 290 and generally through the switch mechanmism 110. It will also be understood that the
present invention 1s not limited to the use of domes but rather any mechanism which serves to
close a normally open switch may be used in the practice of the present invention. The
collapsing motion of a dome i1s merely one exemplary way of closing a normally open switch.

As best shown 1n FIGS. 6 and 7, the switch end cap 200 also includes a second
conductive finger element 310 which 1s disposed about the proximal end of the conductive
member 230. In the exemplary embodiment, the second conductive finger element 310 is an
annular ring-like member formed of a plurality of fingers 311 radially disposed about the
conductive member 230. Each finger 311 of the conductive finger element 310 has a first
section 312 which 1s electrically connected to one of the PCBs 290 and a senally-connected
second section 314 which comprises a free end of the finger 311. The free second section 314
makes electrical contact to another conductive member when the handpiece 100 is assembled

as will be described in greater detail hereinafter. The second section 314 is preferably bent in
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several locations so that it assumes a generally zig-zag shape. The first and second conductive
finger elements 170, 310 may be formed of any number of suitable conductive matenals.

Between the first and second sections 312, 314, each finger 311 connects to a
conductive base ring, generally indicated at 316, which provides a conductive path between all
of the fingers 311 (FIG. 7). The conductive base nng 316 also 1s used to properly locate and
position the conductive finger element 310 within the switch end cap 200. The annular
platform 250 preferably includes a plurality of radially spaced tabs (not shown) which serve to
retain the conductive finger element 310 by inserting the conductive base ring 316 underneath
the tabs such that the second section 314 of the finger 311 is located between and extends
outwardly from adjacent tabs. By anchoring the conductive ﬁnger element 310 within the
annular platform 250, the second sections 314 of the plurality of fingers 311 may be
manipulated and moved in directions generally towards or away from the conductive member
230. The number of fingers 311 may vary depending upon the precise application and in one
exemplary embodiment, the conductive finger element 310 includes six (6) fingers 311. The
fingers 311 also provide a mechanism for releasably retaining the switch end cap 200 to the
flange 160. When the switch end cap 200 is mated with the handpiece body 150, the fingers
311 are flexed inward by engagement with the inner surface of the body 150. This inward
flexing of the fingers 311 causes the fingers 311 to apply an outwardly directed biasing force
against the flange 160 causing retention between the switch end cap 200 and the body 150.
Because the conductive finger element 310 provides, i1n part, an electrical path for the
handpiece 100, 1t 1s important that the conductive finger element 310 not touch the conductive
member 230. It will be appreciated that the switch end cap 200 preferably includés a number
of other spacer members which serve to further 1solate the conductive members of the switch
end cap 200, namely the element 310 and member 230.

All of the conductor members used in the surgical device 10 (FIG. 1) of the
various embodiments are formed of any number of suitable conductive materials. In one
exemplary embodiment, the conductive members are formed of stainless steel, gold plated

copper, beryllium copper, titanium mitride, or conductive plastics which serve to reduce the

tendency of the members to corrode from harsh cleaning solutions or autoclaving.
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The assembly and operation of the handpiece 100 will now be described with
reference to FIGS. 1-7. The switch end cap 200 is removably attached to the handpiece body
150 by aligning the stud 456 and the horn 130 with the 1nside of the conductive member 230.
After the stud 456 and the hom 130 are aligned with the bore formed in the conductive
member 230, the switch end cap 200 is brought into engagement with flange member 160
causing the stud 456 and a portion of the horn 130 to be disposed 1nside of the conductive
member 230 when the switch end cap 200 1s properly fitted about the body 150. However, the
stud 456 and the horn 130 do not make contact with the conductive member 230 when switch
end cap 200 i1s attached to the body 150. The proximal end 204 of the switch end cap 200
seats proximate to or against the shoulder 164. Stop 391 formed in the switch end cap 200
engages the distal end 152 of the body 150, thereby providing a stop which restricts further
movement of the switch end cap 200.

Because the stud 456 and a portion of the horn 130 are disposed inside of the
conductive member 230 at a proximal end thereof, the instrument 30 is secured within the
switch end cap 200 by securing the instrument 30 to the stud 456. More specifically, the
instrument 30 preferably has a threaded bore formed therein at an end opposite the blade tip
36 (FIG. 3). The instrument 30 preferably attaches to the stud 456 by threadingly engaging
the threaded bore with the threaded stud 456 resulting in the instrument 30 being secured to
the stud 456. The instrument 30 is easily removed for cleaning or replacement thereof by
simply twisting the instrument 30 1n one direction until the instrument 30 disengages the stud
456. When the instrument 30 is secured to the stud 456, the insulative sheath 34 of the
instrument 30 contacts and forms a seal with the seal member 240 so that unwanted foreign
matter 1s prevented from traveling through the opening formed in the distal end 202. Because
of the resilient nature of the seal member 240, the seal member 240 conforms to the blade
shape and the resilient nature of the insulative sheath 34 further provides an effective seal.

In accordance with another aspect of the present invention, the first and second
conductive finger elements 170, 310 provide an electrical pathway between the switch
mechanism 110 of the switch end cap 200 and the cable 22, which provides the means for
delivering power to the handpiece 100. As best shown 1n FIG. 7, when the switch end cap

200 1s attached to the body 150 and the fingers 171 of the first conductive finger element 170
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contact and are biased against an outer surface 231 of the first conductive member 230 of the
switch end cap 200. This results because the first conductive member 230 1s disposed
between the fingers 171 and the horn 130 as the switch end cap 200 1s attached. Because of
the conductive nature of both the first conductive member 230 and the fingers 171, an
electnical pathway 1s formed between the PCBs 290 and the cable 22. This electrical
connection also serves to complete one side of the circuit of the switch mechanism 110 when
one of the switch button members 270 is depressed to cause one of the domes to collapse,
thereby permitting current to tflow through the PCBs 290. Once the user reieases either of the
first and second raised sections 282, 284 (which the user had previously depressed), the dome
expands and the electrical pathway is interrupted, thereby interrupting the flow of current
through the switch mechanism 110. This stops the delivery of power to the handpiece 100. It
will also be appreciated that the switch mechanism 110 may include only a single button
member 270.

While, the switch mechanism 110 has been generally discussed as being a
normally open switch assembly in which a mechanism (such as one or more domes) is
activated to cause the closing of the switch, one of skill in the art will appreciate that the
switch mechanism 110 may be a normally closed switch assembly. In this embodiment,
depressing one of the sections 282, 284 will cause one of the switches to open and not close as
in the other embodiment. Because the dual switch mechanism 110 has current flowing in first
and second opposing directions, the opening of one switch will leave current flowing only in a
single direction. In this embodiment, the generator or the like will have a sensing mechanism,
such as sensing circuit, which is designed to detect the current flowing in the single direction
and equate this to the activation of one of the sections 282, 284.

A first electrical pathway is thus specifically defined by the PCBs 290, the
fasteners 300, the conductive member 230, the fingers 171 and one or more wires electrically
connecting the fingers 171 to the cable 22. In other words, the connection between the fingers
171 and the conductive member 230 serves to electrically bndge the body 150 and the switch
mechanism 110 together. Electrical current flows through the cable 22 and then through the

one or more wires to the first finger element 170. The current then flows into the switch

mechanism 110 by means of the electrical connection between the fingers 171 and the
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conductive member 230 once the switch mechanism 110 is actuated by manipulation of one of
the switch button members 270.

In a similar manner, the fingers 311 of the second conductive finger element
300 contact and are biased against the body 150 of the handpiece 100. Because the body 150
in this embodiment 1s formed of a conductive member and 1s electrically connected to one or
more wires of the cable 22, the body 150 compnises a conductive member which can be used
to complete the circuit of the switch mechanism 110. The fingers 311 are spaced sufficiently
away from the conductive member 230 so that the fingers 171 are actually disposed between
the fingers 311 and the conductive member 230 when the switch end cap 200 is attached to
the body 150.

The resilient nature of the second sections 314 of the fingers 311 permits the
fingers 311 to contact the body 150 and flex inwardly or outwardly relative thereto as the
switch end cap 200 i1s attached. Because the first sections 312 of the fingers 311 are
electrically connected to the PCBs 290, the contact between the second ends 314 and the body
150 completes the circuit of the switch mechanism 110 and permits current to flow through
the body 150 and the second conductive finger element 310 once the switch mechanism 110 is
actuated. In other words, a second electrical pathway 1s formed and is defined by the PCBs
290, the second conductive finger element 310 and the bbdy 150.

The switch mechanism 110 may be thought of as including four (4) switches
with each having a diode in series. More specifically, first raised section 282 of one switch
button member 270 corresponds to a first front switch, the second raised section 284 of the
one switch button member 270 corresponding to a first rear switch, the first raised section 282
of the other switch button member 270 corresponding to a second front switch, and the second
raised section 284 of the other switch button member 270 corresponding to a second rear
switch. It will be understood that each of the aforementioned front and rear switches has a

diode 1n series with one another. Preferably, the first and second front switches have the same

diode onentation and the first and second rear switches have the same opposite diode
onientation. The polanty of the diode depends upon whether the diode is part of the front or
rear switches. When a user depresses one of the first raised sections 282, the corresponding

first or second front switch will be actuated due to the associated PCB dome collapsing due to
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the force applied by one of the first posts 276. This causes current to flow in a first direction
through the handpiece 100. When a user depresses one of the second raised sections 284, the
corresponding first or second rear switch will be actuated due to the associated PCB dome
collapsing due to the force applied by one of the second posts 278. This causes current to
flow in an opposite second direction through the handpiece 100. Thus, in this embodiment,

there are four domes formed as part of the PCBs 290 with two domes being formed on each
PCB 290.

The handpiece 100 may be designed so that the front switches comprise
maximum power switches with the front diodes thereof serving to signal the delivery of
maximum power to the handpiece 100 for maximum vibration of the instrument 30. In this
embodiment, the rear switches comprise minimum power switches with the rear diodes
thereof serving to signal the delivery of the minimum power to the handpiece 100 for
minimum vibration of the instrument 30. The generator is designed so that upon sensing
current in the first direction from the actuation of one of the front switches, the generator 1s
programmed to deliver maximum power to the handpiece 100 and similarly, when the
generator senses current in the second direction, the generator delivers minimum power to the
handpiece 100. If one of the front switches and one of the rear switches are accidently
depressed at the same time, the generator will sequentially sense current in both the first and
second directions. Upon sensing the opposing currents, the generator 1s programmed to stop
delivering power to the handpiece 100 until the condition is rectified. Preferably, an error or
warning message will also appear on the liquid crystal display device 20.

Importantly, the fingers 171 of the first conductive finger element 170 and the
fingers 311 of the second conductive finger element 310 do not contact one another during
operation of the handpiece 100. If one of the fingers 171 were to contact one of the fingers
311, an electrical short would likely result because the electrical pathways have been crossed.
If an electrical short exists in the handpiece 100, the generator will sense current in both the
first and second directions, thereby causing the generator to stop delivening power to the
handpiece 100 and optionally generate some type of error or warning message.

In another aspect of the present invention, the switch end cap 200 1s free to

rotate about the handpiece body 150 without disrupting the electrical connection provided
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between the cable 22 and the switch mechanism 110 housed in the outer shell 201. The one or
more ridges 168 formed on the flange member 160 provide annular surfaces for the inner
surface 203 of the switch end cap 200 to nde along as the switch end cap 200 is freely rotated
about the distal end 154 of the body 150. Because the switch end cap 200 and the body 150
advantageously are electrically connected by the rotatable first and second conductive fingers
elements 170, 310, the switch end cap 200 and the body 150 are free to rotate relative to one
another without causing an interruption in the flow of current within the handpiece 100. The
second sections 174, 314 of the fingers 171, 311, respectively, are sufficiently biased against
the corresponding complementary conductive surfaces so that the second sections 174, 314
rotationally slide along these conductive surfaces. Thus, the switch end cap 200 may be
rotated about the body 150 to a desired position and continues to remain in electrical
communication with the body 150 and the generator regardless of the position of the switch
end cap 200. Because most blades 30 are non-symmetrical in nature, the surgeon may prefer
to alter the relative position of the switch button members 270 to the instrument 30 which is
held in one position within the handpiece 100. The finger elements 170, 310 permit this.

The present embodiments overcome the deficiencies of the conventional
surgical devices by a means for providing electrical communication between the switch and
other electrical handpiece components without the need for hard wiring. This permits the
switch end cap 200 to be easily detached from the body 150 for cleaning and other purposes.
For example, the design permits easy inspection of the members providing the electrical
communication between the switch end cap ZQO and the body 150. Therefore, the integrity of
the first and second conductive finger eleménts 170, 310 may be checked at any time to ensure
that they remain 1n working condition. Also, if the need arises to replace or service either the
switch end cap 200 or the handpiece body 150, the two components are quickly and easily

separable and replacement or servicing may be done. This permits the surgical operations to

continue 1n an unimpeded manner.
The switch end cap 200 is also ergonomically designed in that the two switch
button members 270 are disposed about 180° apart from one another because this provides a

preferred orientation where the user (surgeon) may easily contact both switch button members

270 as the handpiece 100 is being grasped by the user. By placing the switch button members
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270 in more than one location, the user may easily and quickly manipulate one switch button
member 270 closest to the activating finger(s). In other words, it has been found that during a
typical manual manipulation of the switch end cap 200, one thumb and one or more fingers
are generally positioned 180° apart from another and this complements the positioning of the
two switch button members 270. The 180° orientation also has strategic benefits in that 1f the
switch button members 270 were placed at multiple locations, such as three, 1t would be
difficult for the user to grasp the surgical device 10 without possibly contacting and engaging
one of the switch button members 270. In the present design, the 180° orientation provides a
grasping area in which the user’s fingers do not contact the switch button members 270 when
the user is holding the device 10. Other design features, €.g., opposing contoured finger
sections 212, are designed to also provide the switch end cap 200 with a better feel and permit
the user to easily grasp and rotate the switch end cap 200.

The present invention thus provides a surgical handpiece 100 in which the
switch mechanism 110 of the switch end cap 200 is electrically connected to the handpiece
body 150 in such a manner that permits the switch end cap 200 to be freely rotated about the
handpiece body 150 while the electrical connection 1s maintained.

While the present invention has been described as being a freely rotatable
system, it also within the scope of the present invention that the handpiece 100 may be only
partially rotatable or non-rotatable. In this instance, a number of stoppers or detents (not
shown) are incorporated into the structure of the handpiece 100 so that the switch end cap 200
may only be partially rotated with respect to the handpiece body 150. The degree of rotation
may thus be selected by the manufacture and the stoppers or detents positioned accordingly.
In another embodiment, the detents may be formed so that the switch end cap 200 is rotated
incrementally in a ratchet like manner. Once again, these detents may be formed and
complementary engeable features are also formed to provide this ratcheting effect. Also, the
handpiece 100 may be designed to provide indexable rotation where the rotation of the switch
end cap 200 is indexed relative to the instrument 30. For example, the instrument 30 may be
designed so that upon being fastened to the horn 130, the instrument 30 always assumes one
orientation. For example, the instrument 30 may assume a north-south (vertical) onentation.

By using detents and the like, the rotation of the switch end cap 200 may be indexed so that
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the switch end cap 200 is initially in a predetermined first position and rotation of the switch
end cap 200 causes the switch end cap 200 to rotate in predetermined increments, €.g., 90°
increments. This permits the most favored positions of the switch end cap 200 to be provided
for by the indexed rotation system.

It will also be understood that the present application broadly discloses a
method of providing rotation between the switch end cap 200 and the handpiece body 150
where a predetermined number of conductive pathways are formed by mating electrical
conductors. Each pair of mating electrical conductors 1s designed to convey an independent
electnical signal.

Referring to FIGS 1-8, in another aspect, the present device provides debns
resistant coupling between the handpiece body 150 and the switch end cap 200. In each of the
embodiments set forth previously with reference to FIGS. 1-8, electrical conduction 1s made
between two conductive members which engage one another 1n such a manner that rotation
between the two conductive members is permitted. In order to provide uninterrupted
conduction across the two members, it desirable for the two conductive members to be
reasonably free of oxides and residues, such as hard water deposits. It 1s also preferred to
eliminate the need for very clean contacts as this would require timely cleaning and care.

One method of providing effective electrical conduction between the two
conductive members is to use sharp, needle-like or pin-like contacts (e.g., finger portions 174,
314) that are optionally spring loaded. The sharp point at the end of the contact increases the
pounds per square inch (PSI) contact force and allows penetration of oxides and debrnis. The
contacts may also have a gnit-like surface by either disposing a conductive grit matenal on the
surface of the contacts or by modifying the surface of the contacts so that the contacts have a
roughened or grit-like appearance. By roughening the surface of the contacts or disposing a
gritty material thereon, the contacts are better adept to scrape through any oxide residue or
other debris. Rotation of the switch assembly wipes the contact, thereby further improving
contact integrity. Another method is to apply a momentary (or on-going) relatively high
voltage (DC or AC) to the conducﬁve fingers 171, 311 to break through any oxide bamer.
This is especially useful with pointed fingers since the field 1s higher when applied to a more

limited space. Yet another method 1s to use AC of adequately high frequency, rather than DC,
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to assess switch status. Any oxide/residue present presents itself as an insulator, creating a
capacitor, which the AC couples across.

Referring now to FIG. 8 in which another method is 1llustrated. In this
embodiment, an insulator, in the form of a thin coating and generally indicated at 10035, 1s
applied to the conductive members 1000, 1010 to create a capacitive coupling of the opposing
members 1020, 1030. In one exemplary embodiment, the coating 1005 has a thickness from
about .0001 inch to about .002 inch. It will be understood that the conductive members 1000,
1010, 1020, 1030 may comprise any number of types of conductive contact structures,
including those set forth previously herein with reference to FIGS. 1-7. For example, the
conductive members 1000, 1010, 1020, 1030 may comprise conductive rings, fingers, pins,
etc. The conductive member 1000 conductively mates with the conductive member 1020 and
conductive member 1010 mates with the conductive member 1030. In the exemplary
embodiment, the conductive members 1020, 1030 each compnses a conductive finger
assembly, similar to those previously described hereinbefore. AC signals are used to
communicate with the switches, at frequencies high enough to consider the potentially
insulative coated conductive members 1000, 1010 as a capacitive coupling to the switches.
Exemplary frequencies are from about 1 KHz to about 200 KHz. In other words, the
conductive member 1010, the coating 1005, and the conductive member 1000 creates a
capacitor which thereby permits an AC signal to couple across it. It will be understood that
the use of AC signals may be practiced even without the presence of coating 1005 so that 1f
mineralization/debris/oxide contamination occurs, the AC signal 1s able to couple regardless
since intimate metallic contact 1s not needed. '

Referring to FIGS. 1 and 2, in yet another aspect, the handpiece 10 includes
mechanism to detect when the switch end cap 200 is attached to the body 150 and also
provide a mechanism which discemns which type of switch end cap 200 1s attached to the body
150. The communication of switch status across mating conductive members has been
previously described in reference to prior embodiments. For example, FIG. 2 shows the first
conductive finger element 170 mating with the conductive member 230 and the second

conductive finger element 310 mating with the body 150. While this is one particular
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embodiment, 1t will be understood that the present invention broadly teaches communicating
switch signals across mating conductive members which are rotatable relative to one another.

A circuit (e.g., PCBs 290 in FIG. 6) inside the switch end cap 200 1s connected
to the electrically conductive members 230, 310 disposed in the switch end cap 200. This
circuit presents an impedance or conduction charactenstic that can be measured at the
conductive members. For example, an AC signal (e.g., 2 KHz) 1s externally generated and
applied to the conductive members 230, 310 of the switch end cap 200 to assess conduction
characteristics 1n both directions of current flow. This permits non-linear and/or polarity
dependent conduction and impedance characteristics to be measured. While dual polarity
signals provide some additional benefits as will be described below, unipolanty energy can
also be implemented.

One example of a sensing circuit 1040 is shown in FIG. 9. The sensing circuit
1040 1s formed of a transformer 1042 that has signals applied from a source 1049 to a primary
winding 1041 of the transformer 1042. The signals have a predetermined pattern and shape
and in one exemplary embodiment, the signals are square or triangle wave pulses. A
secondary winding 1043 of the transformer 1042 is connected to the conductive members
1045, 1047 of the body 150 which electrically communicate with the corresponding
conductive members (not shown) of the switch end cap 200. It will be understood that the
conductive members 1045, 1047 may comprise any number of types of conductive contact
structures, including those set forth previously herein with reference to FIGS. 1-7. The
transformer 1042 provides signal isolation for patient safety. The pulse magnitude seen at
TP1 1044 1s proportional to the conductivity across the conductive members. The pulses are
bi-polar, with the positive pulse amplitude proportional to conductivity in one direction and
the negative pulse amplitude proportional to conductivity in the opposite direction.

The signal at TP1 1044 portrays the amount of conduction in each direction
across the conductive members 1045, 1047. The output has pulses that are both positive and
negative. The am.plitude of the positive pulses portrays the amount of conduction in one
direction and the amplitude of the negative pulses portrays the amount of conduction in the
other direction. The generator in the console 20 (FIG. 1) monitors the TP1 1044 and is

thereby able to determine the conduction status in each direction of current flow across the
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conductive members 1045, 1047. An example of a circuit 1100 for use 1n the switch end cap
200 is shown in FIG. 10. Each of the two switches, generally indicated at 1110, 1120, which
form a part of the switch mechanism 110 (FIG. S) is connected to its own diode 1130, 1140,
respectively. One of the switches 1110, 1120 is connected to a cathode of its diode 1130,
1140, respectively, and the other of the switched 1110, 1120 1s connected to an anode of its
diode 1130, 1140. For purpose of illustration only, the switch 1110 will be discussed as being
connected to the anode of its diode 1130 and the switch 1120 will be discussed as being
connected to the cathode of its diode 1140. Each of the switches 1110, 1120 has the diode
attached opposite of the other switch 1110, 1120. This method permits the use of two
conductors to communicate the status of two switches 1110, 1120 across rotatable sets of
contacts (€.g., the rotatable contacts shown 1n FIGS. 1-7). Traditionally and without the use of
the circuit of FIGS. 9-10A, three contact pairs would be required to communicate the status of
two switches 1110, 1120. By reducing the number of sets of contacts which are required to
communicate the status of the switches, the switch mechanism advantageously occupies less
space within the interior of the handpiece resulting 1n a more compact design.

An AC signal 1s applied to the conductive members 1051, 1053 of the switch
end cap 200. Conduction detected in only one direction using a sensing mechanism, such as
the sensing circuit 1040 of FIG. 9, indicates that one of the switches 1110, 1120 1s depressed,
while conduction only in the opposite direction indicates that the other of switches 1110, 1120
1s depressed.

In the example, shown 1n FIG. 9, a square wave generator provides about a 2
KHz <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>