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PRIORITY

[0001] This application claims priority to U.S. Provisional Application Serial No.

61/410,603, filed November 5, 2010, entitled "Energy-Based Surgical Instruments," the

disclosure of which is incorporated by reference herein.

[0002] This application also claims priority to U.S. Provisional Application Serial No.

61/487,846, filed May 19, 201 1, entitled "Energy-Based Surgical Instruments," the

disclosure of which is incorporated by reference herein.

[0003] This application also claims priority to U.S. Nonprovisional Application Serial

No. 13/274,480, filed October 17, 201 1, entitled "Surgical Instrument with Slip Ring

Assemblyto Power Ultrasonic Transducer," the disclosure of which is incorporated by

reference herein.

BACKGROUND

[0004] In some settings, endoscopic surgical instruments may be preferred over

traditional open surgical devices since a smaller incision may reduce the post-operative

recovery time and complications. Consequently, some endoscopic surgical instruments

may be suitable for placement of a distal end effector at a desired surgical site through a



cannula of a trocar. These distal end effectors may engage tissue in a number of ways to

achieve a diagnostic or therapeutic effect (e.g., endocutter, grasper, cutter, stapler, clip

applier, access device, drug/gene therapy delivery device, and energy delivery device

using ultrasound, RF, laser, etc.). Endoscopic surgical instruments may include a shaft

between the end effector and a handle portion, which is manipulated by the clinician.

Such a shaft may enable insertion to a desired depth and rotation about the longitudinal

axis of the shaft, thereby facilitating positioning of the end effector within the patient.

[0005] Examples of endoscopic surgical instruments include those disclosed in U.S. Pat.

Pub. No. 2006/0079874, entitled "Tissue Pad Use with an Ultrasonic Surgical

Instrument," published April 13, 2006, the disclosure of which is incorporated by

reference herein; U.S. Pat. Pub. No. 2007/0191713, entitled "Ultrasonic Device for

Cutting and Coagulating," published August 16, 2007, the disclosure of which is

incorporated by reference herein; U.S. Pat. Pub. No. 2007/0282333, entitled "Ultrasonic

Waveguide and Blade," published December 6, 2007, the disclosure of which is

incorporated by reference herein; U.S. Pat. Pub. No. 2008/0200940, entitled "Ultrasonic

Device for Cutting and Coagulating," published August 21, 2008, the disclosure of which

is incorporated by reference herein; U.S. Pat. Pub. No. 201 1/0015660, entitled "Rotating

Transducer Mount for Ultrasonic Surgical Instruments," published January 20, 201 1, the

disclosure of which is incorporated by reference herein; U.S. Pat. No. 6,500,176, entitled

"Electrosurgical Systems and Techniques for Sealing Tissue," issued December 31, 2002,

the disclosure of which is incorporated by reference herein; and U.S. Pat. Pub. No.

201 1/0087218, entitled "Surgical Instrument Comprising First and Second Drive Systems

Actuatable by a Common Trigger Mechanism," published April 14, 201 1, the disclosure

of which is incorporated by reference herein. Additionally, such surgical tools may

include a cordless transducer such as that disclosed in U.S. Pat. Pub. No. 2009/0143797,

entitled "Cordless Hand-held Ultrasonic Cautery Cutting Device," published June 4,

2009, the disclosure of which is incorporated by reference herein.

[0006] In addition, the surgical instruments may be used, or adapted for use, in robotic-

assisted surgery settings such as that disclosed in U.S. Pat. No. 6,783,524, entitled



"Robotic Surgical Tool with Ultrasound Cauterizing and Cutting Instrument," issued

August 31, 2004.

[0007] While several systems and methods have been made and used for surgical

instruments, it is believed that no one prior to the inventors has made or used the

invention described in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] While the specification concludes with claims which particularly point out and

distinctly claim this technology, it is believed this technology will be better understood

from the following description of certain examples taken in conjunction with the

accompanying drawings, in which like reference numerals identify the same elements and

in which:

[0009] FIG. 1 depicts a perspective view of an exemplary surgical system comprising a

surgical instrument and a generator;

[0010] FIG. 2 depicts a side elevation view of an exemplary rotatable electrical coupling

assembly for an exemplary transducer having nodal flanges;

[0011] FIG. 3 depicts an exploded perspective view of an exemplary rotatable electrical

coupling assembly having electrode bridges and ring contacts;

[0012] FIG. 4 depicts a partial perspective cross-sectional view the rotatable electrical

coupling assembly of FIG. 3 showing a first bridge electrically coupled to a first ring

contact and a subsequent bridge insulated from a second ring contact;

[0013] FIG. 5 depicts a partial perspective cross-sectional view the rotatable electrical

coupling assembly of FIG. 3 showing a second bridge electrically coupled to a second

ring contact;

[0014] FIG. 6 depicts a side cross-sectional view of an exemplary rotatable electrical

coupling assembly having an exemplary cable plug insertable into an exemplary

transducer;



[0015] FIG. 7 depicts a perspective view of an exemplary rotatable electrical coupling

assembly having enlarged electrodes electrically coupling to stator conductors of a stator

casing;

[0016] FIG. 8 depicts an enlarged partial perspective cross-sectional view of the rotatable

electrical coupling assembly of FIG. 7 showing the electrically coupling of the electrodes

to the stator conductors;

[0017] FIG. 9 depicts a side cross-sectional view of an exemplary rotatable electrical

coupling assembly having waved electrodes;

[0018] FIG. 10 depicts a front elevation view of an exemplary waved electrode for the

rotatable electrical coupling assembly of FIG. 9;

[0019] FIG. 11 depicts a perspective cross-sectional view of an exemplary rotatable

electrical coupling assembly having an outer housing assembly and an inner stator

assembly configured to form a plurality of pancake slip ring assemblies;

[0020] FIG. 12 depicts an enlarged perspective cross-sectional view of the rotatable

electrical coupling assembly of FIG. 11 showing an outer rotor disc electrically coupling

to an inner stator disc;

[0021] FIG. 13 depicts a perspective cross-sectional view of an exemplary alternative

rotatable electrical coupling assembly having an outer housing assembly and an inner

stator assembly configured to form a plurality of pancake slip ring assemblies;

[0022] FIG. 14 depicts a side cross-sectional view of an exemplary rotatable electrical

coupling assembly having a threaded cable and twistable wires;

[0023] FIG. 15 depicts a perspective view of the rotatable electrical coupling assembly of

FIG. 14 showing the rotatable electrical coupling assembly coupled to a proximal end of

a transducer;



[0024] FIG. 16 depicts a side elevation view of an exemplary rotatable electrical

coupling assembly having a plurality of ball bearings electrically coupled to the

electrodes of a transducer;

[0025] FIG. 17 depicts an enlarged partial side cross-sectional view of an exemplary

alternative rotatable electrical coupling assembly showing a pair of ball bearings in

troughs and having wires electrically coupling the ball bearings to the electrodes of a

transducer;

[0026] FIG. 18 depicts a side cross-sectional view of an exemplary alternative rotatable

electrical coupling assembly having spring-biased ball bearings electrically coupling to

electrodes in troughs;

[0027] FIG. 19 depicts a side cross-sectional view of yet another exemplary rotatable

electrical coupling assembly having a rotatable drum electrically coupled to pogo pins;

[0028] FIG. 20 depicts a side elevation view of an exemplary alternative rotatable drum

coupleable to crimp contacts;

[0029] FIG. 2 1 depicts a top plan view of two strings of electrodes having integrated

crimp contacts to couple to the drum of FIG. 20;

[0030] FIG. 22 depicts a perspective view of another alternative rotatable drum having a

peg and a top plan view of a conductive portion coupleable to the rotatable drum;

[0031] FIG. 23 depicts a perspective view of yet another alternative rotatable drum

having slots and a top plan view of a conductive portion coupleable to the rotatable drum;

[0032] FIG. 24 depicts a perspective view of still another alternative rotatable drum

having arcuate slots and a top plan view of a conductive portion coupleable to the

rotatable drum;

[0033] FIG. 25 depicts a partial side perspective view of an exemplary alternative

rotatable electrical coupling assembly having a drum contained within a casing rotatably

secured by pegs;



[0034] FIG. 26 depicts an exploded perspective view of the drum and casing of FIG. 25;

[0035] FIG. 27 depicts a perspective view of the drum and casing of FIG. 26 shown

assembled together;

[0036] FIG. 28 depicts a perspective view of still yet another exemplary rotatable

electrical coupling assembly having a biased contact strip with arcuate contact portions;

[0037] FIG. 29 depicts a side cross-sectional view of still another exemplary alternative

rotatable electrical coupling assembly having a rotatable drum carried by a threaded tube

collar;

[0038] FIG. 30 depicts a partial side elevation view of an exemplary rotatable electrical

coupling assembly having conductive traces and integrated MID brushes in the handle

assembly;

[0039] FIG. 3 1 depicts a top perspective view and a bottom perspective view of a

selectively coupleable MID brush assembly;

[0040] FIG. 32 depicts an exploded perspective view of an exemplary MID drum;

[0041] FIG. 33 depicts a perspective view of a rotation drum configured to carry a PC

board;

[0042] FIG. 34 depicts front elevation view of a PC board having conductive traces;

[0043] FIG. 35 depicts a perspective view of an assembled exemplary rotatable electrical

coupling assembly using the PC board of FIG. 34 and the rotation drum of FIG. 33;

[0044] FIG. 36 depicts a side elevation view of the assembled exemplary rotatable

electrical coupling assembly of FIG. 35 shown with a portion of the transfer casing

removed and with a transducer;

[0045] FIG. 37 depicts perspective views of various alternative brush contacts;



[0046] FIG. 38 depicts a partial perspective view of an exemplary alternative rotatable

electrical coupling assembly having a PC board with conductive traces and a transfer

casing integrated into a handle assemblty;

[0047] FIG. 39 depicts a side cross-sectional view of an exemplary alternative rotatable

electrical coupling assembly having a PC board and conductive wave springs;

[0048] FIG. 40 depicts a perspective view of the exemplary alternative rotatable

electrical coupling assembly of FIG. 39 showing a pair of tab arms securing an insertable

ring;

[0049] FIG. 4 1 depicts a perspective view of the exemplary alternative rotatable

electrical coupling assembly of FIG 39 shown with the outer casing omitted;

[0050] FIG. 42 depicts a top plan view of two strings of electrodes having integrated

conductive ring contacts;

[0051] FIG. 43 depicts a rear elevation view of an exemplary rotatable electrical coupling

assembly showing a casing having conductive rings;

[0052] FIG. 44 depicts a partial side cross-sectional view of the exemplary rotatable

electrical coupling assembly of FIG. 43 taken along line 44-44 of FIG. 43, showing a

circuit board, transducer, and sensor integrated with the casing.

[0053] The drawings are not intended to be limiting in any way, and it is contemplated

that various embodiments of the technology may be carried out in a variety of other ways,

including those not necessarily depicted in the drawings. The accompanying drawings

incorporated in and forming a part of the specification illustrate several aspects of the

present technology, and together with the description serve to explain the principles of

the technology; it being understood, however, that this technology is not limited to the

precise arrangements shown.

DETAILED DESCRIPTION

[0054] The following description of certain examples of the technology should not be



used to limit its scope. Other examples, features, aspects, embodiments, and advantages

of the technology will become apparent to those skilled in the art from the following

description, which is by way of illustration, one of the best modes contemplated for

carrying out the technology. As will be realized, the technology described herein is

capable of other different and obvious aspects, all without departing from the technology.

Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not restrictive.

[0055] I . Overview of Exemplary Ultrasonic Surgical System

[0056] FIG. 1 shows an exemplary ultrasonic surgical system (10) comprising an

ultrasonic surgical instrument (50), a generator (20), and a cable (30) operable to couple

generator (20) to surgical instrument (50). A suitable generator (20) is the GEN 300 sold

by Ethicon Endo-Surgery, Inc. of Cincinnati, Ohio. By way of example only, generator

(20) may be constructed in accordance with the teachings of U.S. Pub. No.

201 1/0087212, entitled "Surgical Generator for Ultrasonic and Electrosurgical Devices,"

published April 14, 201 1, the disclosure of which is incorporated by reference herein. It

should be noted that surgical instrument (50) will be described in reference to an

ultrasonic surgical instrument; however, the technology described below may be used

with a variety of surgical instruments, including, but not limited to, endocutters, graspers,

cutters, staplers, clip appliers, access devices, drug/gene therapy delivery devices, and

energy delivery devices using ultrasound, RF, laser, etc., and/or any combination thereof

as will be apparent to one of ordinary skill in the art in view of the teachings herein.

Moreover, while the present example will be described in reference to a cable-connected

surgical instrument (50), it should be understood that surgical instrument (50) may be

adapted for cordless operation, such as that disclosed in U.S. Pat. Pub. No.

2009/0143797, entitled "Cordless Hand-held Ultrasonic Cautery Cutting Device,"

published June 4, 2009, the disclosure of which is incorporated by reference herein.

Furthermore, surgical device (50) may also be used, or adapted for use, in robotic-

assisted surgery settings such as that disclosed in U.S. Pat. No. 6,783,524, entitled

"Robotic Surgical Tool with Ultrasound Cauterizing and Cutting Instrument," issued

August 31, 2004.



[0057] Surgical instrument (50) of the present example includes a multi-piece handle

assembly (60), an elongated transmission assembly (70), and a transducer (100).

Transmission assembly (70) is coupled to multi-piece handle assembly (60) at a proximal

end of transmission assembly (70) and extends distally from multi-piece handle assembly

(60). In the present example transmission assembly (70) is configured to be an elongated,

thin tubular assembly for endoscopic use, but it should be understood that transmission

assembly (70) may alternatively be a short assembly, such as those disclosed in U.S. Pat.

Pub. No. 2007/0282333, entitled "Ultrasonic Waveguide and Blade," published

December 6, 2007, and U.S. Pat. Pub. No. 2008/0200940, entitled "Ultrasonic Device for

Cutting and Coagulating," published August 21, 2008, the disclosures of which are

incorporated by reference herein. Transmission assembly (70) of the present example

comprises an outer sheath (72), an inner tubular actuating member (not shown), a

waveguide (not shown), and an end effector (80) located on the distal end of transmission

assembly (70). In the present example, end effector (80) comprises a blade (82) coupled

to the waveguide, a clamp arm (84) operable to pivot at the proximal end of transmission

assembly (70), and, optionally, one or more clamp pads (86) coupleable to clamp arm

(84). The waveguide, which is adapted to transmit ultrasonic energy from a transducer

(100) to blade (82), may be flexible, semi-flexible, or rigid. One merely exemplary

ultrasonic transducer (100) is Model No. HP054, sold by Ethicon Endo-Surgery, Inc. of

Cincinnati, Ohio. It should also be understood that clamp arm (84) and associated

features may be constructed and operable in accordance with at least some of the

teachings of U.S. Pat. No. 5,980,510, entitled "Ultrasonic Clamp Coagulator Apparatus

Having Improved Clamp Arm Pivot Mount," issued November 9, 1999, the disclosure of

which is incorporated by reference herein. The waveguide may also be configured to

amplify the mechanical vibrations transmitted through the waveguide to blade (82) as is

well known in the art. The waveguide may further have features to control the gain of the

longitudinal vibration along the waveguide and features to tune the waveguide to the

resonant frequency of the system.

[0058] In the present example, the distal end of the blade (82) is disposed near an anti-

node in order to tune the acoustic assembly to a preferred resonant frequency f0 when the

acoustic assembly is not loaded by tissue. When transducer (100) is energized, the distal



end of blade (82) is configured to move longitudinally in the range of, for example,

approximately 10 to 500 microns peak-to-peak, and preferably in the range of about 20 to

about 200 microns at a predetermined vibratory frequency f0 of, for example, 55.5 kHz.

When transducer (100) of the present example is activated, these mechanical oscillations

are transmitted through the waveguide to end effector (80). In the present example, blade

(82), being coupled to the waveguide, oscillates at the ultrasonic frequency. Thus, when

tissue is secured between blade (82) and clamp arm (84), the ultrasonic oscillation of

blade (82) may simultaneously sever the tissue and denature the proteins in adjacent

tissue cells, thereby providing a coagulative effect with relatively little thermal spread.

An electrical current may also be provided through blade (82) and clamp arm (84) to also

cauterize the tissue. While some configurations for transmission assembly (70) and

transducer (100) have been described, still other suitable configurations for transmission

assembly (70) and transducer (100) will be apparent to one or ordinary skill in the art in

view of the teachings herein.

[0059] Multi-piece handle assembly (60) of the present example comprises a mating

housing portion (62) and a lower portion (64). Mating housing portion (62) is configured

to receive transducer (100) at a proximal end of mating housing portion (62) and to

receive the proximal end of transmission assembly (70) at a distal end of mating housing

portion (62). An aperture, described in more detail below, is provided on the distal end

of mating housing portion (62) for insertion of various transmission assemblies (70). A

rotation knob (66) is shown in the present example to rotate transmission assembly (70)

and/or transducer (100), but it should be understood that rotation knob (66) is merely

optional. Lower portion (64) of multi-piece handle assembly (60) includes a trigger (68)

and is configured to be grasped by a user using a single hand. One merely exemplary

alternative configuration for lower portion (64) is depicted in FIG. 1 of U.S. Pat. Pub. No.

201 1/0015660, entitled "Rotating Transducer Mount for Ultrasonic Surgical

Instruments," published January 20, 201 1, the disclosure of which is incorporated by

reference herein.

[0060] Toggle buttons (not shown) may be located on a distal surface of lower portion

(64) and may be operable to activate transducer (100) at different operational levels using



generator (20). For instance, a first toggle button may activate transducer (100) at a

maximum energy level while a second toggle button may activate transducer (100) at a

minimum, non-zero energy level. Of course, the toggle buttons may be configured for

energy levels other than a maximum and/or minimum energy level as will be apparent to

one of ordinary skill in the art in view of the teachings herein. Moreover, the toggle

buttons may be located anywhere else on multi-piece handle assembly (60), on transducer

(100), and/or remote from surgical instrument (50), and any number of toggle buttons

may be provided.

While multi-piece handle assembly (60) has been described in reference to two

distinct portions (62, 64), it should be understood that multi-piece handle assembly (60)

may be a unitary assembly with both portions (62, 64) combined. Multi-piece handle

assembly (60) may alternatively be divided into multiple discrete components, such as a

separate activation portion (operable either by a user's hand or foot) and a separate

mating housing portion (62). The activation portion may be operable to activate

transducer (100) and may be remote from mating housing portion (62). Multi-piece

handle assembly (60) may be constructed from a durable plastic (such as polycarbonate

or a liquid crystal polymer), ceramics and/or metals or any other suitable material as will

be apparent to one of ordinary skill in the art in view of the teachings herein. Still other

configurations for multi-piece handle assembly (60) will be apparent to those of ordinary

skill in the art in view of the teachings herein. For instance, instrument (50) may be

operated as part of a robotic system. Other configurations for multi-piece handle

assembly (60) will also be apparent to those of ordinary skill in the art in view of the

teachings herein. By way of example only, surgical instrument (50) may be constructed

in accordance with at least some of the teachings of U.S. Pat. Pub. No. 2006/0079874;

U.S. Pat. Pub. No. 2007/0191713; U.S. Pat. Pub. No. 2007/0282333; U.S. Pat. Pub. No.

2008/0200940; U.S. Pat. Pub. No. 201 1/0015660; U.S. Pat. No. 6,500,176; U.S. Pat. Pub.

No. 201 1/0087218; and/or U.S. Pat. Pub. No. 2009/0143797. Additional configurations

that may be incorporated into surgical instrument (50) are described in U.S. Patent

Application Serial No. [Attorney Docket No. END7012USNP.0587824], entitled

"Ultrasonic Surgical Instrument with Modular End Effector," filed October 10, 201 1, the

disclosure of which is incorporated by reference herein.



[0062] II. Exemplary Rotatable Electrical Coupling Assemblies

[0063] In some instances it may be useful to a user to rotate transducer (100) while using

surgical instrument (50). For example, rotation of transducer (100) may permit end

effector (80) to be rotated such that clamp arm (84) may be reoriented relative to handle

assembly (60). This may allow the user to clamp and sever tissue at a variety of angles.

In some instruments, if cable (30) is directly electrically coupled to transducer (100), then

rotation of transducer (100) and/or end effector (80) may twist cable (30) and/or the wires

of cable (30). Accordingly, providing a rotatable electrical coupling may reduce or

eliminate this potential twisting and/or binding of cable (30) and/or the wires.

[0064] A. Exemplary Nodal Flanged Transducer

[0065] FIG. 2 depicts an exemplary transducer (200) having a pair of nodal flanges (210,

220) operable to electrically couple transducer (200) to casing contacts (260, 270) of a

casing (250). It should be understood that transducer (200) may constitute a modified

version of transducer (100) described above. Transducer (200) of the present example

comprises a plurality of piezoelectric elements (230) that are compressed between a first

resonator (234) and a second resonator (236) to form a stack of piezoelectric elements.

Piezoelectric elements (230) may be fabricated from any suitable material, for example,

lead zirconate-titanate, lead meta-niobate, lead titanate, and/or any suitable piezoelectric

crystal material. In the present example, distal nodal flange (210) includes a conductive

material located on the circumference of distal nodal flange (210). Distal nodal flange

(210) is coupled to first resonator (234) and is located at a node of transducer (200). A

node is a point where the displacement due to the ultrasonic vibrations transmitted

through transducer (200) is at zero. Proximal nodal flange (220) includes a conductive

material located on the circumference of proximal nodal flange (220). In addition,

proximal nodal flange (220) is located just distal of the proximal-most piezoelectric

element (230) and is also located at a node of transducer (200), though this arrangement

is merely optional. For instance, proximal nodal flange (220) may be coupled to second

resonator (236), between other piezoelectric elements (230), on first resonator (234),

and/or otherwise.



[0066] In the present example, proximal nodal flange (220) is configured to be

electrically coupled to a positive, or "hot," wire from a cable, such as cable (30), while

distal nodal flange (210) is configured to be electrically coupled to a negative or ground

wire from the cable. Thus, nodal flanges (210, 220) are configured to create a voltage

potential across the plurality of piezoelectric elements (230) therebetween via one or

more electrodes (232) such that the plurality of piezoelectric elements (230) convert the

electrical power into ultrasonic vibrations. Accordingly, when a power supply is coupled

to the cable and the power supply is activated, such ultrasonic vibrations are transmitted

distally to a waveguide (202). Waveguide (202) may be coupled to a blade of an end

effector (such as blade (82) and end effector (80) described above) such that the

ultrasonic oscillation of the blade may simultaneously sever the tissue and denature the

proteins in adjacent tissue cells, thereby providing a coagulative effect with relatively

little thermal spread.

[0067] In the present example, second resonator (236) is electrically coupled to distal

nodal flange (210) via a center bolt (not shown). Second resonator (236) is also

electrically coupled to the proximal-most piezoelectric element (230) such that a voltage

potential is created across proximal-most piezoelectric element (230) from proximal

nodal flange (220) to second resonator (236). It should be understood that proximal

nodal flange (220) of the present example comprises an annulus that does not electrically

couple to the center bolt. In some instances, an insulator may be provided between

proximal nodal flange (220) and center bolt. Accordingly, no shim or wire is needed to

cross proximal nodal flange (220) to electrically couple the proximal-most piezoelectric

element (230) to distal nodal flange (210). In some versions, distal nodal flange (210)

may be further configured to substantially secure transducer (200) in the axial direction

while still permitting rotation. For instance, casing (250) may include a tab or collar to

restrict the axial movement of distal nodal flange (210). In other versions, nodal flanges

(210, 220) may include an annular groove such that casing contacts (260, 270) are

insertable therein to ensure an adequate electrical connection. Of course transducer (200)

and nodal flanges (210, 220) may have other configurations as will be apparent to one of

ordinary skill in the art in view of the teachings herein.



[0068] Casing (250) of the present example may be constructed in accordance with at

least some of the teachings of handle assembly (60) described above; U.S. Pat. Pub. No.

2006/0079874; U.S. Pat. Pub. No. 2007/0191713; U.S. Pat. Pub. No. 2007/0282333; U.S.

Pat. Pub. No. 2008/0200940; U.S. Pat. Pub. No. 201 1/0015660; U.S. Pat. No. 6,500,176;

U.S. Pat. Pub. No. 201 1/0087218; U.S. Pat. Pub. No. 2009/0143797; and/or otherwise.

In the present example, casing (250) includes casing contacts (260, 270). Distal casing

contact (260) is configured to electrically couple to distal nodal flange (210), and

proximal casing contact (270) is configured to electrically couple to proximal nodal

flange (220). Casing contacts (260, 270) of the present example are further configured to

maintain the electrical coupling with nodal flanges (210, 220) even when transducer

(200) is rotated. For instance, casing contacts (260, 270) may comprise resiliently biased

pins, slip rings, resiliently biased leaf springs, resiliently biased lever arms with end

contacts, and/or any other contact as will be apparent to one of ordinary skill in the art in

view of the teachings herein. Casing contacts (260, 270) are electrically coupled to one

or more wires (not shown) such that electrical power is transmittable from a power

supply, such as generator (20) or a battery, to transducer (200). In some versions, one of

the casing contacts (260, 270) may be electrically coupled to a wire that is electrically

coupled to a switch that is operable by a trigger or button. Accordingly, the trigger or

button may be used to selectively activate transducer (200). Of course further

arrangements for casing (250) and casing contacts (260, 270) will be apparent to one of

ordinary skill in the art in view of the teachings herein.

[0069] When the user is using a surgical instrument, the user may desire to rotate the end

effector to sever tissue. Accordingly, casing contacts (260, 270) and nodal flanges (210,

220) permit the user to rotate the end effector and transducer (200) together through 360

degrees of rotation without disengaging transducer (200) from the power supply.

[0070] B. Exemplary Bridge Electrical Coupling

[0071] FIGS. 3-5 depict another exemplary transducer (300) having bridges (310, 320)

electrically coupling two or more alternating electrodes (332) of piezoelectric elements

(330). Piezoelectric elements (330) are compressed between a first resonator (334) and a



second resonator (336) to form a stack of piezoelectric elements. Piezoelectric elements

(330) may be fabricated from any suitable material, for example, lead zirconate-titanate,

lead meta-niobate, lead titanate, and/or any suitable piezoelectric crystal material between

electrodes (332). In the present example, alternating electrodes (332) are electrically

coupled via bridges (310, 320) such that a voltage potential is formed across the plurality

of piezoelectric elements (330) when a power supply is coupled to bridges (310, 320).

Accordingly, when the power supply is activated, the plurality of piezoelectric elements

(330) convert the electrical power into ultrasonic vibrations. Such ultrasonic vibrations

are transmitted distally to a waveguide (not shown). As described previously, the

waveguide may be coupled to a blade of an end effector such that the ultrasonic

oscillation of the blade may simultaneously sever the tissue and denature the proteins in

adjacent tissue cells, thereby providing a coagulative effect with relatively little thermal

spread.

As shown in FIG. 3, a first bridge (310) electrically couples a pair of alternating

electrodes (332) and is configured to electrically couple to a power supply via a first ring

contact (360), as will be described below. In the present example, first bridge (310) is

configured to receive the positive, or "hot," electrical connection from the power supply.

As shown in FIG. 3, a subsequent bridge (312) is electrically coupled to first bridge (310)

via common electrode (332). Subsequent bridge (312) comprises an insulating material

to electrically isolate subsequent bridge (312) from inadvertently electrically coupling to

other components except the desired electrodes (332) to which subsequent bridge (312) is

electrically coupled. Second bridge (320) electrically couples a pair of alternating

electrodes (332) (that are different from the electrodes (332) that first bridge (310)

electrically couples) and second bridge (320) is configured to electrically couple to a

power supply via a second ring contact (370), as will be described below. In the present

example, second bridge (320) is configured to receive the negative or ground electrical

connection from the power supply. While the present exemplary transducer (300) depicts

four piezoelectric elements (330), it should be understood that any number of

piezoelectric elements (330) may be used, as will be apparent to one of ordinary skill in

the art in view of the teachings herein. For instance, one or more additional bridges (not

shown) having insulating similar to subsequent bridge (312) may be electrically coupled



to second bridge (320) and/or first bridge (310) via a common electrode (332) or

subsequent electrically coupled electrodes (332). Accordingly, a plurality of

piezoelectric elements (330) and electrodes (332) may be coupled by bridges (310, 312,

320) to form any number of piezoelectric element stacks. Of course still further

arrangements for transducer (300) and/or bridges (310, 312, 320) will be apparent to one

of ordinary skill in the art in view of the teachings herein.

A transducer casing (350) comprises a first ring contact (360) and a second ring

contact (370) disposed therein. In the present example, transducer casing (350)

comprises a cup-like member having an open distal end that is configured to fit over the

proximal end of transducer (300). Transducer casing (350) comprises a plastic member,

though other non-conductive or conductive members with insulating may be used as well.

In other versions, transducer casing (350) may be insulated electrically using a diode

circuit or any other electrical components, as will be apparent to one of ordinary skill in

the art in view of the teachings herein. As best seen in FIGS. 4-5, transducer casing (350)

includes a pair of notches (352) into which first ring contact (360) and second ring

contact (370) are inserted and secured. Ring contacts (360, 370) may comprise split ring

contacts, resilient leaf springs, coil springs, and/or any other contact as will be apparent

to one of ordinary skill in the art in view of the teachings herein. First ring contact (360)

is positioned such that first bridge (310) is substantially in contact with, and electrically

coupled to, first ring contact (360) even when transducer (300) is rotated 360 degrees

about a longitudinal axis. Second ring contact (370) is positioned such that second bridge

(320) is substantially in contact with, and electrically coupled to, second ring contact

(370) even when transducer (300) is rotated 360 degrees about a longitudinal axis. FIGS.

4-5 demonstrate one merely exemplary arrangement for ring contacts (360, 370) such that

bridges (310, 320) electrically couple to the corresponding ring contacts (360, 370). As

shown in FIG. 4, subsequent bridge (312) (which includes insulating material) contacts,

but does not electrically couple to, second ring contact (370). Accordingly, a user may

rotate transducer (300) within transducer casing (350) while bridges (310, 320) remain

electrically coupled to ring contacts (360, 370).



[0074] Transducer casing (350) further comprises housing mounts (380) and a pair of

longitudinal slots (390). Housing mounts (380) are operable to secure transducer casing

(350) to a handle assembly, such as handle assembly (60) described above, such that

transducer casing (350) does not rotate when transducer (300) is rotated. Longitudinal

slots (390) each include a hole (392) through which a wire (394) may be coupled to a

corresponding ring contact (360, 370). For instance, wires (394) may be soldered to ring

contacts (360, 370). Alternatively, wires (394) may be coupled to ring contacts (360,

370) via selectively coupleable electrical connectors (spades, ring contacts, crimped

connectors, etc.). Wires (394) are coupled to a power supply, such as generator (20)

and/or a battery, such that electrical power is transmittable to ring contacts (360, 370) and

subsequently to bridges (310, 320). In some versions, one of the wires (394) may be

electrically coupled to a switch that is operable by a trigger or button such that the trigger

or button may be used to selectively activate transducer (300).

[0075] Other suitable arrangements for transducer casing (350) and ring contacts (360,

370) will be apparent to one of ordinary skill in the art in view of the teachings herein.

For instance, in some versions transducer casing (350) may include a distal member or

tab operable to longitudinally secure transducer (300) to transducer casing (350). Such a

distal member or tab may selectively engage a flange or other feature of transducer (300).

In further versions, transducer casing (350) and/or transducer (300) may be carried by a

translatable member such that the longitudinal location of transducer casing (350) and/or

transducer (300) may be controlled by the user. For instance, transducer casing (350)

may be actuatable via a trigger to selectively disengage and reengage ring contacts (360,

370) with bridges (310, 320) when trigger is pivoted. Such actuation may electrically

isolate transducer (300) until the trigger is pulled.

[0076] C. Exemplary Plug-in Electrical Coupling Assembly

[0077] FIG. 6 depicts an exemplary transducer (400) with a central bolt (410) having a

proximal aperture (416) configured to receive a cable plug (450) therein. Transducer

(400) of the present example comprises a plurality of piezoelectric elements (430) that

are compressed between a first resonator (432) and a second resonator (434) to form a



stack of piezoelectric elements. Piezoelectric elements (430) may be fabricated from any

suitable material, for example, lead zirconate-titanate, lead meta-niobate, lead titanate,

and/or any suitable piezoelectric crystal material. A plurality of electrodes (420) are

disposed between adjacent piezoelectric elements (430). In the present example, bridges

(422) electrically couple alternating electrodes (420). Thus, when electrodes (420) are

coupled to a power supply, a voltage potential is applied across the plurality of

piezoelectric elements (430) via bridges (422). Bridges (422) may include an insulating

material to prevent inadvertent electrical coupling of bridges (422) with the alternating

electrodes (420) and/or other components, though this is merely optional. It should be

understood that bridges (422) of the present example are merely exemplary and

electrodes (420) may be electrically coupled through any other electrical connector as

will be apparent to one of ordinary skill in the art in view of the teachings herein.

In the present example, a central bolt (410) extends longitudinally through central

holes formed in each of the piezoelectric elements (430) and electrodes (420). Bolt (410)

may comprise a non-conductive material or, in some versions, bolt (410) may comprise a

conductive material with insulating material electrically isolating one or more electrodes

(420) from bolt (410). In addition or in the alternative, a gap may be provided between

the exterior of bolt (410) and the inner diameter of the central openings of piezoelectric

elements (430). Central bolt (410) includes a longitudinally extending recess (418)

formed therein and extending distally from a proximal aperture (416). As shown in FIG.

6, central bolt (410) forms a female socket configured to receive cable plug (450), as will

be described in greater detail below. In the present example, a proximal electrode (424)

is electrically coupled to a proximal detent (412) formed on central bolt (410) such that

proximal electrode (424) is selectively electrically coupled to a proximal conductive

portion (470) of cable plug (450). A distal electrode (426) is electrically coupled to a

distal detent (414) formed on central bolt (410) such that distal electrode (426) is

selectively electrically coupled to a distal conductive portion (460) of cable plug (450).

Of course detents (412, 414) are merely exemplary and other features for central bolt

(410) may be provided as will be apparent to one of ordinary skill in the art in view of the

teachings herein. For instance, resiliently biased pins or balls, flexible tabs, conductive

duck bill seals, etc. may be provided.



[0079] Cable plug (450) of the present example includes a body (452) having a distal

conductive portion (460) and a proximal conductive portion (470). Conductive portions

(460, 470) of the present example comprise annular recessed portions of cable plug (450)

configured to receive and electrically couple to detents (412, 414). Distal conductive

portion (460) is electrically coupled to a first wire (not shown) of a cable, such as cable

(30), and proximal conductive portion (470) is electrically coupled to a second wire of

the cable. The cable is coupled to a power supply such that the first and second wires

transmit electrical power to conductors (460, 470). In some instances, cable plug (450)

may be constructed in a similar manner to a stereo plug. As will be appreciated by one of

ordinary skill in the art in view of the teachings herein, when cable plug (450) is inserted

into recess (418) and the power supply is electrically coupled to detents (412, 414) via

conductive portions (460, 470), electrodes (420) create a voltage potential across the

plurality of piezoelectric elements (430) therebetween such that the plurality of

piezoelectric elements (430) convert the electrical power into ultrasonic vibrations. Such

ultrasonic vibrations are transmitted distally through a waveguide (402). Waveguide

(402) may be coupled to a blade of an end effector (such as blade (82) of end effector

(80)) such that the ultrasonic oscillation of the blade may simultaneously sever the tissue

and denature the proteins in adjacent tissue cells, thereby providing a coagulative effect

with relatively little thermal spread.

[0080] In the present example, the user may rotate transducer (400) and/or the end

effector to sever tissue at a variety of orientations. When transducer (400) is rotated,

conductive portions (460, 470) of cable plug (450) remain electrically coupled to detents

(412, 414) such that transducer (400) remains electrically coupled to the power supply

throughout the rotation. Other suitable arrangements and/or configurations for cable plug

(450) and/or transducer (400) will be apparent to one of ordinary skill in the art in view

of the teachings herein. For instance, a plurality of conductive portions (460, 470) may

be formed on cable plug (450) to electrically couple each electrode (420). In such an

arrangement, bridges (422) may be eliminated. Further still, cable plug (450) may be

rotationally fixed relative to transducer (400). By way of example only, cable plug (450)

may be mechanically secured to a handle assembly, such as handle assembly (60)



described above, while transducer (400) is mounted therein by ball-bearing members that

permit rotation of transducer (400) relative to the handle assembly.

[0081] D . Exemplary Electrode-based Electrical Coupling Assemblies

[0082] In some instances it may be preferable to utilize the electrodes of transducer (100)

as part of the electrical coupling assembly. Utilizing the electrodes may reduce the

number of components for transducer (100) while still permitting transducer (100) to be

rotatable. In addition, the reduction in the number of parts may reduce the cost of

producing transducer (100) and/or permit automated assembly of transducer (100) due to

the integrated electrical coupling assembly. Accordingly, various examples of

transducers utilizing electrodes as part of the electrical coupling assembly will now be

described in greater detail.

[0083] i . Exemplary Electrodes with Outer Housing Stator

[0084] FIGS. 7-8 show an exemplary transducer (500) having a plurality of enlarged

electrodes (510) extending circumferentially outwardly from transducer (500) and

engaging with a plurality stator conductors (560) of a stator casing (550). Transducer

(500) of the present example comprises a plurality of piezoelectric elements (530) that

are compressed between a first resonator (532) and a second resonator (534) to form a

stack of piezoelectric elements. Piezoelectric elements (530) may be fabricated from any

suitable material, for example, lead zirconate-titanate, lead meta-niobate, lead titanate,

and/or any suitable piezoelectric crystal material. As shown best in FIG. 8, electrodes

(510) comprise conductive discs disposed between adjacent piezoelectric elements (530),

each having a central opening to permit a central bolt to extend therethrough. When

electrodes (510) are alternatingly coupled to the positive, or "hot," lead of a power supply

and to the negative or ground, then a voltage potential is applied across the plurality of

piezoelectric elements (530). Accordingly, the voltage potential across the plurality of

piezoelectric elements (530) causes the plurality of piezoelectric elements (530) to

convert the electrical power into ultrasonic vibrations. Such ultrasonic vibrations are

transmitted distally through a waveguide (502). Waveguide (502) may be coupled to a

blade of an end effector (such as blade (82) of end effector (80)) such that the ultrasonic



oscillation of the blade may simultaneously sever the tissue and denature the proteins in

adjacent tissue cells, thereby providing a coagulative effect with relatively little thermal

spread. Transducer (500) of the present example further includes a horn flange (504)

configured to abut a distal ledge (552) of stator casing (550), as will be described in more

detail below. Horn flange (504) may further include a seal (not shown) to fluidly seal

horn flange (504) to distal ledge (552).

Stator casing (550) comprises a plurality of stator conductors (560) configured to

electrically couple to the plurality of electrodes (510). Stator casing (550) of the present

example comprises a non-conductive material, such as plastic, though stator casing (550)

may be insulated electrically using a diode circuit or any other electrical components, as

will be apparent to one of ordinary skill in the art in view of the teachings herein. Stator

casing (550) is configured to couple to a handle assembly, such as handle assembly (60),

such that transducer (500) may be rotated relative to stator casing (550) while stator

casing (550) does not rotate. Of course stator casing (550) may alternatively be secured

to other components of the surgical instrument or stator casing (550) may be unsecured.

Stator casing (550) further includes a distal ledge (552) configured to abut horn flange

(504). In the present example, stator conductors (560) comprise flat conductive rings

configured to abut and electrically couple to electrodes (510). As will be apparent to one

of ordinary skill in the art in view of the teachings herein, distal ledge (552) abutting horn

flange (504) and stator conductors (560) abutting electrodes (510) are positioned such

that stator conductors (560) compress against electrodes (510). In some versions, one or

more springs and/or other resilient members may be provided to compress stator

conductors (560) against electrodes (510). Connector tabs (562) extend from stator

conductors (560) and are configured to couple to a positive, or "hot," wire from a power

supply or to a negative or ground wire. In the example shown in FIGS. 7-8, connector

tabs (562) extend outwardly from stator casing (550) at predetermined orientations such

that stator conductors (560) that are coupled to the positive wire of the power supply have

connector tabs (562) oriented in a first direction while stator conductors (560) that are

coupled to the negative wire of the power supply have connector tabs (562) oriented in a

second direction. Of course connector tabs (562) are merely optional and the wires from

the power supply may instead be directly coupled to stator conductors (560).



Alternatively, jumper wires may be provided to electrically couple corresponding stator

conductors (560).

[0086] In the present example, the user may rotate transducer (500) and/or the end

effector to sever tissue at a variety of orientations. When transducer (500) is rotated,

electrodes (510) remain electrically coupled to stator conductors (560) throughout the

rotation of transducer (500). Thus, electrodes (510) of transducer (500) may be used as

part of the rotational electrical coupling assembly that maintains the electrical connection

between transducer (500) and the power supply. Other suitable configurations for stator

casing (550), stator conductors (560), and/or transducer (500) will be apparent to one of

ordinary skill in the art in view of the teaching herein.

[0087] ii. Exemplary Waved Electrodes

[0088] FIGS. 9-10 depict an alternative transducer (600) having a plurality of waved

electrodes (610) extending outwardly from transducer (600) and engaging with one or

more conductors (660) within channels (652) of a stator casing (650). Transducer (600)

of the present example comprises a plurality of piezoelectric elements (630) that are

compressed between a first resonator (632) and a second resonator (634) to form a stack

of piezoelectric elements. Piezoelectric elements (630) may be fabricated from any

suitable material, for example, lead zirconate-titanate, lead meta-niobate, lead titanate,

and/or any suitable piezoelectric crystal material. Waved electrodes (610) are disposed

between piezoelectric elements (630), and each waved electrode (610) includes a central

opening configured to permit a central bolt to extend therethrough. While only some of

the electrodes of transducer (600) are shown as waved electrodes (610), it should be

understood that all of the electrodes of transducer (600) may comprise waved electrodes

(610), though this is merely optional. Waved electrodes (610) are alternatingly coupled

to a positive, or "hot," lead of a power supply and to a negative or ground. A voltage

potential is thereby applied across the plurality of piezoelectric elements (630). The

voltage potential across the plurality of piezoelectric elements (630) causes the plurality

of piezoelectric elements (630) to convert the electrical power into ultrasonic vibrations.

Such ultrasonic vibrations are transmitted distally through a waveguide (602).



Waveguide (602) may be coupled to a blade of an end effector (such as blade (82) of end

effector (80)) such that the ultrasonic oscillation of the blade may simultaneously sever

the tissue and denature the proteins in adjacent tissue cells, thereby providing a

coagulative effect with relatively little thermal spread.

[0089] As shown best in FIG. 10, waved electrodes (610) comprise conductive discs

having an arcuate portion (612) extending outwardly from a central axis of electrodes

(610). Arcuate portion (612) comprises a plurality of ridges (614) forming a non-flat or

wavy surface. By way of example only, ridges (614) may be radial ridges extending

outwardly and configured in similar manner to the ridges of a bottle cap. In other

versions, ridges (614) may be circumferentially oriented ridges. Ridges (614) are

configured to contact conductors (660) such that electrodes (610) are electrically coupled

to conductors (660) when arcuate portion (612) is inserted into channels (652). As shown

in FIG. 10, arcuate portion (612) comprises a 90 degree arc of ridged material, though

this is merely optional. In some versions, arcuate portion (612) may comprise an arc of

ridges (614) less than 90 degrees or more than 90 degrees. For instance, arcuate portion

(612) may extend 360 degrees about each electrode (610) to form a continuous ridged

disc.

[0090] Referring back to FIG. 9, stator casing (650) comprises a plurality of channels

(652) having a conductor (660) contained within each channel (652). In some versions,

conductors (660), channels (652), and stator casing (650) may comprise molded

interconnect devices ("MIDs"), though this is merely optional. In the present example,

channels (652) are sized to receive arcuate portion (612) of a corresponding electrode

(610) therein. In some versions channels (652) may be sized smaller than ridges (614) of

arcuate portions (612) such that ridges (614) are compressed within channels (652). Such

compression of ridges (614) may maintain the electrical coupling of arcuate portions

(612) with conductors (660) of each channel (652). Conductors (660) are coupled to a

corresponding wire of a power supply such that electrical power is supplied to electrodes

(610) to create a voltage potential across the piezoelectric elements (630) of transducer

(600). Similar to stator casing (550) described above, stator casing (650) of the present

example is secured to a handle assembly, such as handle assembly (60), such that



transducer (600) may rotate relative to stator casing (650). Of course stator casing (650)

may alternatively be secured to other components of the surgical device or stator casing

(650) may be unsecured. Still other configurations for stator casing (650) will be

apparent to one of ordinary skill in view of the teachings herein.

[0091] In the present example, the user may rotate transducer (600) and/or the end

effector to sever tissue at a variety of orientations. When transducer (600) is rotated,

electrodes (610) rotate and remain electrically coupled to conductors (660) within

channels (652) via arcuate portions (612). Thus, electrodes (610) of transducer (600)

may be used as part of the rotational electrical coupling assembly that maintains the

electrical power connection between transducer (600) and the power supply. Other

suitable configurations for stator casing (650), electrodes (610), and/or transducer (600)

will be apparent to one of ordinary skill in the art in view of the teaching herein.

[0092] E. Exemplary Proximal Mounted Electrical Coupling Assemblies

[0093] In some instances it may be preferable to provide the rotatable electrical coupling

assembly at a proximal end of transducer (100) or integrated into a distal end of cable

(30). Such a configuration may be preferable if there is limited room in surgical

instrument (50) at a distal end of transducer (100).

[0094] i . Exemplary Proximally Mounted Pancake Slip Ring

Connector Assembly

[0095] FIGS. 11-12 depict a rotatable outer housing assembly (700) having a plurality of

outer rotor discs (710) configured to electrically couple to a plurality of inner stator discs

(760) mounted to an inner stator assembly (750). Outer housing assembly (700) of the

present example comprises a distal wall (702) having a plurality of members (704)

configured to couple outer housing assembly (700) to a proximal end of a transducer.

Members (704) are configured to secure outer housing assembly (700) to the transducer

such that when the transducer is rotated, outer housing assembly (700) also rotates.

Members (704) of the present example comprise resilient plastic fingers configured to

selectively couple to a head of a bolt of the transducer such that rotation of the transducer



(and therefore the bolt) also rotates outer housing assembly (700) via members (704).

Outer housing assembly (700) further includes a main body portion (706) having a

plurality of recesses (708) configured to receive outer rotor discs (710) therein. In some

versions, main body portion (706) may comprise one or more clamshell portions that

couple together to secure inner stator assembly (750) therein, though this is merely

optional. As best seen in FIG. 12, outer rotor discs (710) comprise conductive discs

configured to electrically couple to inner stator discs (760) when inner stator discs (760)

are compressed against outer rotor discs (710), thereby forming a pancake slip ring

assembly. Outer rotor discs (710) further include connectors (712) that are electrically

coupled to one or more electrodes of the transducer, such as electrodes (232) disposed

between piezoelectric elements (230) described above. As shown in FIG. 11, connectors

(712) are located on alternating sides of main body portion (706) and are configured to

correspond to a positive, or "hot," lead and to a negative or ground lead.

[0096] Inner stator assembly (750) comprises a distal mandrel (752) and a main body

portion (754). Main body portion (754) includes a plurality of inner stator discs (760)

mounted to main body portion (754) via channels (756). In the present example, inner

stator discs (760) comprise conductive discs configured to compress against and

electrically couple to outer rotor discs (710). Distal mandrel (752) is configured to abut

distal wall (702) to provide a force to compress inner stator discs (760) against outer rotor

discs (710). Inner stator discs (760) further include inner connectors (762) that are

electrically coupled to a positive and/or a negative wire from a cable, such as cable (30),

to provide electrical power to inner stator discs (760). Thus, inner stator discs (760) are

configured to provide electrical power to the electrodes of a transducer via the rotatable

pancake slip ring formed with outer rotor discs (710).

[0097] Using the present outer rotor assembly (700) and inner stator assembly (750), the

user may rotate transducer (700) and/or the end effector relative to inner stator assembly

(750) to a variety of angles to sever tissue at a variety of orientations. When the

transducer is rotated (and therefore outer rotor assembly (700) is rotated via members

(704)), the electrodes of the transducer remain electrically coupled to the power supply

via the pancake slip ring assembly formed by the electrical coupling assembly of outer



rotor discs (710) and inner stator discs (760). Other suitable configurations for outer

rotor assembly (700) and/or inner stator assembly (750) will be apparent to one of

ordinary skill in the art in view of the teaching herein. For instance, in some versions,

outer rotor assembly (700) may be coupled to the cable while inner stator assembly (750)

is coupled to the transducer and electrodes.

[0098] ii. Exemplary Spring-biased Pancake Slip Ring Connector

Assembly

[0099] An exemplary alternative outer rotor assembly (800) and inner stator assembly

(850) are shown in FIG. 13. In this example, outer rotor assembly (800) comprises an

outer housing (810) having a plurality of slots (812) configured to receive tabs (822) of a

plurality of outer rotor discs (820). Outer housing (810) of the present example is

coupled to and rotates with a transducer (not shown) at a distal end (818) of outer housing

(810). In some versions, outer housing (810) is secured via distal wall (818) to a

proximal end of the transducer, though this is merely optional. In other versions, outer

housing (810) is integrally formed with the transducer, such as to the transducer casing

(not shown), to form a homogeneous continuum of material. Outer housing (810) also

includes a proximal end wall (814) having a proximal aperture (816) configured to permit

a portion of inner mandrel (860) to extend therethrough. Outer rotor discs (820)

comprise conductive discs having outwardly extending tabs (822) that insert into slots

(812) of outer housing (810). Accordingly, when outer housing (810) is rotated, outer

rotor discs (820) also rotate via tabs (822). Tabs (822) are further configured to

electrically couple to the electrodes of the transducer such that electrical power supplied

to outer rotor discs (820) is transmitted to corresponding electrodes of the transducer.

Outer rotor discs (820) of the present example are configured to electrically couple to

inner stator discs (870) of inner stator assembly (850) thereby forming a pancake slip ring

connection.

[00100] Inner stator assembly (850) comprises an inner mandrel (860) having a plurality

of slots (862) configured to receive inwardly extending tabs (872) from a plurality of

inner stator discs (870). Inner mandrel (860) is further configured to receive a cable,



such as cable (30), such that the wires of the cable electrically couple to tabs (872)

extending into inner mandrel (860). In the present example, inner stator discs (870) are

mechanically coupled to inner mandrel (860) via the insertion of tabs (872) into slots

(862). Thus, if inner mandrel (860) is rotationally secured, such as being secured to

handle assembly (60) and/or cable (30), then inner stator discs (870) are likewise

rotationally secured. Accordingly, outer rotor assembly (800) (and therefore the

transducer) may be rotated relative to inner stator assembly (850) while inner stator

assembly (850) does not rotate.

[00101] Inner stator discs (870) of the present example comprise conductive discs

disposed about inner mandrel and configured to electrically couple to outer rotor discs

(820) to form pancake slip ring assemblies. In the present example, a plurality of

insulating annular spacers (880) are located between each pancake slip ring assembly. As

shown in FIG. 13, a distal-most annular spacer (880) abuts distal wall (818) of outer

housing (810) and a proximal-most annular spacer (880) abuts a wave spring (890).

Wave spring (890) is secured against proximal-most annular spacer (880) via proximal

end wall (814) of outer casing (810). In the present example, a retaining clip (892) is

coupled to inner mandrel (860) via an annular channel (864) formed in a portion of inner

mandrel (860) that extends proximally of proximal end wall (814). Thus, retaining clip

(892) prevents proximal translation of proximal end wall (814) of outer casing (810) by

"sandwiching" outer casing (810) between the proximal end of the transducer and

retaining clip (892). Accordingly, with the proximal end of wave spring (890) secured

via proximal end wall (814), the distal end of wave spring (890) compresses inner stator

discs (870), outer rotor discs (820), and annular spacers (880) together and against distal

wall (818) of outer casing (810). Such compression may further ensure inner stator discs

(870) and outer rotor discs (820) are electrically coupled. In some versions, inner stator

discs (870) and/or outer rotor discs (820) may further comprise ridging or bumps to

further ensure electrical coupling of inner stator discs (870) with outer rotor discs (820).

[00102] In the present example, when electrical power is supplied via the cable and tabs

(872), inner stator discs (870) transmit the electrical power to outer rotor discs (820).

The electrical power is further transmitted from outer rotor discs (820) to the electrodes



of the transducer. Thus, even when the transducer (and therefore the outer rotor assembly

(800)) is rotated by the user, electrical power is continuously supplied from the cable to

the electrodes of the transducer throughout the rotation. Other suitable configurations for

outer rotor assembly (800) and inner stator assembly (850) will be apparent to one of

ordinary skill in the art in view of the teachings herein.

[00103] iii. Exemplary Threaded Cable Connector Assembly

[00104] FIGS. 14-15 depict an exemplary threaded connector assembly (900) comprising

a cable end (910) configured to thread into a complementary threaded recess (960)

formed in a member (952) coupled to a proximal end of a transducer (950). Cable end

(910) of the present example comprises a threaded end (920) and a plurality of wires

(930) extending distally from cable end (910). Wires (930) are electrically coupled to

electrodes (not shown) of transducer (950). Accordingly, electrical power supplied

through cable end (910) is transmitted to the electrodes of transducer (950) via wires

(930). In the present example, wires (930) are further configured to have a length such

that threaded end (920) of cable end (910) may be substantially unthreaded from threaded

recess (960) while wires (930) remain coupled to the electrodes of transducer (950). In

the example shown in FIG. 15, cable end (910) also includes ledges (912) configured to

insert into slots (not shown) of a handle assembly (not shown). Accordingly, when

transducer (950) is rotated within the handle assembly, cable end (910) is rotationally

secured within the slots via ledges (912) while cable end (910) is permitted to translate

proximally or distally in response to the threading of cable end (910) into or out of

threaded recess (960).

[00105] In the example shown in FIG. 14, wires (930) are further configured such that

wires (930) are substantially untwisted when cable end (910) is threaded to a middle

point of threaded recess (960). Accordingly, when transducer (950) is rotated in a first

direction, cable end (910) threads into threaded recess (960) towards a distal-most

position of threaded recess (960) and wires (930) twist for a predetermined amount of

windings. When transducer (950) is rotated a second direction, opposite to the first

direction, cable end (910) unthreads from threaded recess (960) towards a proximal-most



position of threaded recess (960) and wires (930) twist in the opposite direction for a

predetermined amount of windings. A broken thread (not shown) at a proximal end of

threaded recess (960) prevents cable end (910) from decoupling from threaded recess

(960), though this is merely optional.

[00106] When a user initially desires to use the surgical instrument having threaded

connector assembly (900), initially the user rotates transducer (950) until cable end (910)

is threaded to a middle point, or zero point, of threaded recess (960). Accordingly,

during a surgical procedure, the user may rotate transducer (950) a predetermined

rotations until threaded end (920) of cable end (910) is fully threaded into threaded recess

(960) or until threaded end (920) encounters the broken thread at the proximal end of

threaded recess (960). It should be understood that the number of predetermined

rotations are determined by the number of threads on threaded end (910) and in threaded

recess (960). By way of example only, threaded recess (960) shown in FIG. 14 includes

ten threads such that transducer (950) may be rotated five rotations from the zero point in

a first direction and five rotations in the opposite direction. Of course any number of

threads may be provided. Furthermore, threaded connector assembly (900) may have

other configurations as will be apparent to one of ordinary skill in the art in view of the

teachings herein.

[00107] F. Exemplary Ball Bearing Electrical Coupling Assemblies

[00108] FIG. 16 depicts an exemplary alternative transducer (1000) having a ball bearings

(1050) to electrically couple transducer (1000) to wires (1090) in a casing (1060) (a

portion of which has been omitted to show ball bearings (1050)). Transducer (1000) of

the present example comprises a plurality of piezoelectric elements (1010) that are

compressed between a first resonator (1012) and a second resonator (1014) to form a

stack of piezoelectric elements. Piezoelectric elements (1010) may be fabricated from

any suitable material, for example, lead zirconate-titanate, lead meta-niobate, lead

titanate, and/or any suitable piezoelectric crystal material. A plurality of electrodes

(1020) are disposed between adjacent piezoelectric elements (1010). In the present

example, bridges (not shown) electrically couple alternating electrodes (1020). The



bridges may further include an insulating material to prevent inadvertent electrical

coupling of the bridges with the alternating electrodes (1020) and/or other components.

It should be understood that the bridges of the present example are merely exemplary and

electrodes (1020) may be electrically coupled through any other electrical connector as

will be apparent to one of ordinary skill in the art in view of the teachings herein. Merely

exemplary alternative electrical connectors may include conductive traces (such as those

of a printed computer board or PCB) formed in a casing of transducer. Referring back to

the present example, when electrodes (1020) are coupled to a power supply, a voltage

potential is applied across the plurality of piezoelectric elements (1010) via the bridges.

The voltage potential across the plurality of piezoelectric elements (1010) causes the

plurality of piezoelectric elements (1010) to convert the electrical power into ultrasonic

vibrations. Such ultrasonic vibrations are transmitted distally through a waveguide

(1002). Waveguide (1002) may be coupled to a blade of an end effector (such as blade

(82) of end effector (80)) such that the ultrasonic oscillation of the blade may

simultaneously sever the tissue and denature the proteins in adjacent tissue cells, thereby

providing a coagulative effect with relatively little thermal spread.

In the present example, transducer (1000) further includes a first lower annular

trough (1030) and a second lower annular trough (1040). Lower annular troughs (1030,

1040) are configured to receive ball bearings (1050) therein. A portion of an electrode

(1020) is exposed within each lower trough (1030, 1040) such that ball bearings (1050)

contact and electrically couple to the respective electrode (1020). In some versions, a

conductor (not shown) may be electrically coupled to each electrode (1020) and

positioned within a corresponding lower trough (1030, 1040) to further aid the electrical

coupling of ball bearings (1050) to electrodes (1020). Ball bearings (1050) are secured

within lower troughs (1030, 1040) via an annular casing (1060) having complementary

upper annular troughs (1070, 1080). Wires (1090) are inserted through casing (1060)

such that an end of each wire (1090) is exposed within a corresponding upper trough

(1070, 1080) to electrically couple to the ball bearings (1050). In some versions, a

conductor (not shown) may be electrically coupled to each wire (1090) and positioned

within a corresponding upper trough (1070, 1080). Accordingly, when a power supply is

coupled to wires (1090), ball bearings (1050) transmit the electrical power to electrodes



(1020), thereby providing electrical power to transducer (1000). As will be apparent to

one of ordinary skill in the art in view of the teachings herein, transducer (1000) may be

rotated relative to casing (1060) while the electrical power is still supplied to transducer

(1000) via ball bearings (1050). In some versions, an electrically conductive lubricant

may be added to troughs (1030, 1040, 1070, 1080) to enhance the electrical coupling of

ball bearings (1050) to electrodes (1020) and wires (1090). Other suitable configurations

for transducer (1000) having ball bearings (1050) will be apparent to one of ordinary skill

in the art in view of the teachings herein.

[00110] One merely exemplary alternative configuration for a transducer ( 1100) having

ball bearings ( 1150) is shown in FIG. 17. In such a configuration, lower troughs ( 1130,

1140) are formed on an outer surface of transducer ( 1100) and a pair of wires ( 1122)

extend from electrodes ( 1120) into lower troughs ( 1130, 1140). In the present example,

an insulator ( 1148) is provided between each bearing assembly to electrically isolate the

bearing assemblies from each other. Casing ( 1160) of the present example retains ball

bearings ( 1150) within troughs ( 1130, 1140) and may be constructed in accordance with

at least some of the teachings of casing (1060) described above. A pair of wires ( 1190)

are electrically coupled to ball bearings ( 1150) via upper troughs ( 1170, 1180) formed in

casing ( 1160). Thus, when a power supply is coupled to wires ( 1190), the electrical

power is transmitted to electrodes ( 1120) via ball bearings ( 1150). Accordingly,

transducer ( 1100) may be rotated relative to casing ( 1160) while still maintaining an

electrical connection with the power supply.

[00111] FIG. 18 depicts yet a further exemplary alternative configuration for a transducer

(1200) having ball bearings (1250) electrically coupled to electrodes (1220). Transducer

(1200) of the present example is configured in substantially the same manner as

transducer (1000) described above. Transducer (1200) includes a pair of annular lower

troughs (1230, 1240) having exposed electrodes (1220) therein. In the present example,

casing (1260) comprises an annular member having a pair of recesses (1262) formed on

opposite sides of casing (1260). In the example shown in FIG. 18, recesses (1262)

include a pair of resilient springs (1264) configured to urge ball bearings (1250) into

troughs (1230, 1240). Wires (1270) are coupled to springs (1264) such that when a



power supply is coupled wires (1270), springs (1264) and ball bearings (1250) transmit

the electrical power to electrodes (1220), thereby providing electrical power to transducer

(1200). As will be apparent to one of ordinary skill in the art in view of the teachings

herein, transducer (1200) may be rotated relative to casing (1260) while power is still

supplied to transducer (1200) via ball bearings (1250). In some versions, an electrically

conductive lubricant may be added to troughs (1230, 1240) to enhance the electrical

coupling of ball bearings (1250) to electrodes (1220) and wires (1270).

[00112] Of course other configurations for transducer (1200) will be apparent to one of

ordinary skill in the art in view of the teachings herein. For instance, in some versions

resiliently biased pogo pins may be used instead of ball bearings (1250). Further still,

troughs (1230, 1240) may be omitted and a conductor or flexible circuit may be coupled

to the exterior of transducer (1200) such that the pogo pins engage and electrically couple

to the conductor or flexible circuit.

[00113] G. Exemplary Drum Slip Ring Electrical Coupling Assemblies

[00114] In some versions, it may be preferable to provide an electrical coupling assembly

about a distal end of transducer (100), such as at a horn portion of transducer (100). For

instance, an electrical coupling assembly on a distal end of transducer (100) may permit

the length of the handle assembly to be shortened, thereby reducing the overall size and

bulk of the surgical instrument. Further still, including the electrical coupling assembly

at or near the distal end of transducer (100) may provide a counter weight to cable (30)

attached at the proximal end of transducer (100), thereby providing additional

longitudinal balance to the surgical instrument. Accordingly, various annular assemblies

disposed about a distal portion of transducer (100) will now be described in greater detail.

[00115] i . Exemplary Drum Slip Ring Assembly with a Tube Collar

Cap

[00116] FIG. 19 depicts an exemplary transducer (1300) electrically coupled to a drum

(1350) disposed about a distal portion of transducer (1300). Transducer (1300) of the

present example comprises a plurality of piezoelectric elements (1310) that are



compressed between a first resonator (1312) and a second resonator (1314) to form a

stack of piezoelectric elements. Piezoelectric elements (1310) may be fabricated from

any suitable material, for example, lead zirconate-titanate, lead meta-niobate, lead

titanate, and/or any suitable piezoelectric crystal material. A plurality of electrodes

(1320) are disposed between adjacent piezoelectric elements (1310) such that a voltage

gradient may be applied across piezoelectric element (1310) contained therebetween.

Accordingly, when the voltage gradient is applied across piezoelectric element (1310),

piezoelectric element (1310) converts the electrical energy into oscillating mechanical

energy. In the present example, the plurality of electrodes (1320) are coupled to drum

(1350) via wires (1322).

[00117] A tube collar cap (1330) is coupled to a distal portion of transducer (1300) and is

configured such that when transducer (1300) is rotated, tube collar cap (1330) also

rotates. By way of example only, tube collar cap (1330) may be coupled to transducer

(1300) via threading, adhesives, set screws, integral formation, and/or otherwise. A pair

of cylindrical rails (1332) extend proximally from tube collar cap (1330) and rails (1332)

are configured to couple to and carry drum (1350) thereon. Accordingly, as will be

apparent to one of ordinary skill in the art in view of the teachings herein, when

transducer (1300) and tube collar cap (1330) are rotated, drum (1350) also rotates via

rails (1332). In the assembly shown, rails (1332) insert into holes (not shown) formed in

drum (1350). In the present example, rails (1332) and drum (1350) are sized and

configured such that drum (1350) does not contact transducer (1300), yet drum (1350)

still rotates with transducer (1300). It should be understood that this is merely optional,

and in other configurations, drum (1350) may be in contact with or coupled to transducer

(1300). It should also be understood that tube collar cap (1330) and/or other rotatable

components may be supported in handle assembly (60) by bearings, etc.

[00118] Drum (1350) comprises a rotatable tubular member having a first annular

conductive portion (1352) on a first circumferential surface (1354) and a second annular

conductive portion (1356) on a second circumferential surface (1358). Drum (1350) of

the present example comprises a plastic body, though other materials, including metals,

composites, insulated metals, ceramics, etc. may be used as well. In the present example,



conductive portions (1352, 1356) are manufactured with drum (1350) using Molded

Interconnect Device ("MID") technology. In some versions, conductive portions (1352,

1356) may be formed by drawing a piece of conductive material to form a continuous

surface or, in other versions, a strip of conductive material may be wrapped around to

form a ring of conductive material. It should be understood that annular conductive

portions (1352, 1356) are merely exemplary and any other cylindrical or substantially

cylindrical conductive member may be disposed about circumferential surfaces (1354,

1358). For instance, in some versions resilient leaf springs, such as beryllium-copper leaf

springs, may be disposed about drum (1350). Moreover, while conductive portions

(1352, 1356) are shown on the exterior of drum (1350), it should be understood that

conductive portions (1352, 1356) may be formed on any surface or combination of

surfaces of drum (1350). By way of example only, conductive portions (1352, 1356)

may be formed on a distal face of drum (1350), a proximal face of drum (1350), an

interior surface of drum (1350), on an exterior surface of drum (1350), on a distal face of

a raised annulus (1360), on a proximal face of raised annulus (1360), on an external

surface of raised annulus (1360) and/or any other surface or combination of surfaces of

drum (1350). Accordingly, the positioning of conductive portions (1352, 1356) may be

readily determined by one of ordinary skill in the art in view of the teachings herein

based upon the radial and/or axial constraints. Moreover, it should be understood that the

inclusion of a conductive portion (1352, 1356) on raised annulus results in a slip ring

assembly having offset and/or different diameters. In some versions drum (1350) may

include a tapered central bore such that the inner surface of the central bore conforms to

the contours of the tapered transducer (1300). Still other suitable configurations for drum

(1350) having a conductive material thereon will be apparent to one of ordinary skill in

the art in view of the teachings herein.

A raised annulus (1360) divides first circumferential surface (1354) from second

circumferential surface (1358). Raised annulus (1360) is configured to insert into a

recess (1362) in a casing (1360). In some versions, a seal (not shown) may be provided

in recess (1362) or on raised annulus (1360). Accordingly, first circumferential surface

(1354) and first annular conductive portion (1352) may be electrically and physically

isolated from second circumferential surface (1358) and a second annular conductive



portion (1356). First annular conductive portion (1352) of the present example is

electrically coupled to a first set of electrodes (1320) via a first wire (1322), and second

annular conductive portion (1356) is coupled to a second set of electrodes (1320) via a

second wire (1322).

[00120] An annular casing (1370), as mentioned above, is disposed about drum (1350) and

is coupled to a handle assembly (not shown) such that casing (1370) is prevented from

rotating relative to drum (1350). Casing (1370) comprises a pair of pogo pins (1380)

configured to engage and electrically couple to annular conductive portions (1352, 1356).

A pair of wires (1382) extend into casing (1370) and electrically couple pogo pins (1380)

to a power supply (e.g., generator (20), etc.). Accordingly, when pogo pins (1380)

engage annular conductive portions (1352, 1356) and the power supply is coupled to

wires (1382), electrical power is transmitted to transducer (1300) via annular conductive

portions (1352, 1356) and wires (1322). When transducer (1300) is rotated by a user,

drum (1350) is also rotated via rails (1332) of tube collar cap (1330). As drum (1350) is

rotated, pogo pins (1380) continually engage and electrically couple to annular

conductive portions (1352, 1356), thereby continuing to provide electrical power to

transducer (1300) even when transducer (1300) is rotated through 360 degrees about the

longitudinal axis.

[00121] Other suitable configurations for drum (1350) and/or transducer (1300) will be

apparent to one of ordinary skill in the art in view of the teachings herein. For instance,

pogo pins (1380) may be omitted and casing (1370) may include a molded interconnect

device ("MID") having a conductive portion that is configured to engage and electrically

couple to annular conductive portions (1352, 1356), thereby electrically coupling the

power supply to transducer (1300). In yet another alternative, casing (1370) may be

omitted entirely and the MID component may be integrated into a surface of a handle

assembly, such as handle assembly (60) described above. Alternatively, the handle

assembly may include one or more resiliently biased arms having conductive tips. The

resiliently biased arms in this example are configured to electrically couple the

conductive tips with annular conductive portions (1352, 1356).



[00122] 11. Exemplary Alternative Drums and Conductive Portions

[00123] Merely exemplary alternative drums and conductive surfaces for such drums are

shown in FIGS. 20-24. For instance, FIG. 20 depicts an alternative drum (1400) having

spade connectors (1410) that are configured to electrically couple to crimp contacts

(1412). In the example shown, spade connectors (1410) are each electrically coupled to a

respective conductive ring (1402, 1404) of drum (1400). Accordingly, when drum

(1400) is used in a rotatable electrical coupling assembly, such as that shown in FIG. 19,

spade connectors (1410) permit drum (1400) to be quickly electrically coupled or

decoupled from the electrodes of a transducer via crimp contacts (1412). In some

versions, this may permit the user to replace the transducer or the piezoelectric stack

without decoupling drum (1400) from the rotatable electrical coupling assembly. FIG. 2 1

shows one merely exemplary set of electrodes (1420) incorporating crimp contacts

(1412) at the end of each set of electrodes (1420). Electrodes (1420) of the present

example are alternatingly stacked with the piezoelectric elements of a transducer, such as

transducers (100, 300) described above. Once the piezoelectric stack is assembled, crimp

contacts (1412) extend distally and are operable to electrically couple to drum (1400) via

spade connectors (1410).

[00124] FIG. 22 depicts an alternative drum (1430) where the conductive portion (1440)

for drum (1430) is integrated into the end of a set of electrodes such as those shown in

FIG. 21. Drum (1430) of the present example may be constructed in accordance with at

least some of the teachings of drum (1350) described above. In this example, drum

(1430) also includes a peg (1432). Conductive portion (1440) comprises an elongated

conductive strip having a pair tabs with holes (1442, 1444) configured to receive peg

(1432). In the present example, conductive portion (1440) is shown as a flat member that

may be bent when attached to drum (1430). Accordingly, this may enable conductive

portion (1440) to be cut or stamped out of a flat conductive material and then coupled to

the end of the set of electrodes. When conductive portion (1440) is to be attached to

drum (1430), initially first hole (1442) is attached to peg (1432). Conductive portion

(1440) is then wrapped around drum (1430) until second hole (1444) is attached to peg

(1432). Of course it should be understood that second hole (1444) may be attached first



and first hole (1442) is attached second. In some versions an adhesive may be applied to

further secure conductive portion (1440) to drum (1430). In others, peg (1432) may

include a flared portion (not shown) to further secure conductive portion (1440) to drum

(1430). Other suitable configurations for drum (1430) and/or conductive portion (1440)

will be apparent to one of ordinary skill in the art in view of the teachings herein.

[00125] FIG. 23 depicts an alternative drum (1450) where the conductive portion (1460)

for drum (1450) is integrated into the end of a set of electrodes such as those shown in

FIG. 21. Drum (1450) of the present example may be constructed in accordance with at

least some of the teachings of drum (1350) described above. In this example, drum

(1450) also includes a plurality of slots (1454) formed in a raised annulus (1452).

Conductive portion (1460) comprises an elongated conductive strip having a plurality of

insertable tabs (1462) configured to insert into slots (1454). In the present example,

conductive portion (1460) is shown as a flat member that may be bent when attached to

drum (1450). Accordingly, this may enable conductive portion (1460) to be cut or

stamped out of a flat conductive material and then coupled to the end of the set of

electrodes. When conductive portion (1460) is to be attached to drum (1450), conductive

portion (1460) is wrapped around drum (1450) and tabs (1462) are inserted into slots

(1454). In some versions an adhesive may be applied to further secure conductive

portion (1460) to drum (1450). Other suitable configurations for drum (1450) and/or

conductive portion (1460) will be apparent to one of ordinary skill in the art in view of

the teachings herein.

[00126] FIG. 24 depicts yet another alternative drum (1470) where the conductive portion

(1480) for drum (1470) is integrated into the end of a set of electrodes such as those

shown in FIG. 21. Drum (1470) of the present example may be constructed in

accordance with at least some of the teachings of drum (1350) described above. In this

example, drum (1470) also includes a pair of arced slots (1472) formed in a distal face of

drum (1470). Conductive portion (1480) comprises an elongated conductive strip having

ends (1482). In the present example, conductive portion (1480) is shown as a flat

member that may be bent when attached to drum (1470). Accordingly, this may enable

conductive portion (1480) to be cut or stamped out of a flat conductive material and then



coupled to the end of the set of electrodes. When conductive portion (1480) is to be

attached to drum (1470), conductive portion (1480) is wrapped around drum (1470) and

ends (1482) are inserted into arcuate slots (1472). In some versions an adhesive may be

applied to further secure conductive portion (1480) to drum (1470). Other suitable

configurations for drum (1470) and/or conductive portion (1480) will be apparent to one

of ordinary skill in the art in view of the teachings herein.

[00127] While the foregoing examples described a single conductive portion for each

drum, it should be understood that the foregoing alternative drums may have conductive

portions attached to both the distal and proximal ends of the drums. Moreover, the

foregoing exemplary drums may be configured to have a first conductive portion on the

distal end of the drum and a second, different conductive portion on the proximal end of

the drum. Moreover, it should be understood that the foregoing alternative drums and

conductive portions may be integrated into any of the enumerated exemplary rotatable

electrical coupling assemblies described herein.

[00128] iii. Exemplary Alternative Drum Slip Ring Assembly

[00129] One merely exemplary alternative drum slip ring assembly is shown in FIGS. 25-

27. Referring initially to FIG. 25, a handle assembly (1500) includes a transducer (1550)

disposed therein. Handle assembly (1500) of the present example may be constructed in

accordance with at least some of the teachings of handle assembly (60). Transducer

(1550) may be constructed in accordance with at least some of the teachings of

transducers (100, 300) described herein and/or otherwise. In the present example a drum

(1520), shown in FIGS. 26-27, comprises a cylindrical member configured to receive a

first annular slip ring (1522) on a first circumferential surface (1524) and a second

annular slip ring (1526) on a second circumferential surface (1528). Drum (1520) of the

present example is also secured relative to transducer (1500) such that rotation of

transducer (1500) also rotates drum (1520) and vice versa. Drum (1520) may be further

configured in accordance with at least some of the teachings of drum (1350) described

above.



[00130] A casing (1560) is disposed about drum (1520) and, in the present example,

comprises an upper half (1562) and a lower half (1564) configured to couple together

about drum (1520). In the example shown in FIGS. 26-27, upper and lower halves (1562,

1464) couple together via frictionally fitting pins and recesses. Upper half (1562) further

includes a pair of apertures through which brushes (not shown) may be inserted to

electrically couple to slip rings (1522, 1526). Of course it should be understood that in

some versions casing (1560) may include conductors on the interior of upper half (1562)

and/or lower half (1564) to form an electrical slip ring assembly with slip rings (1522,

1526). In the present example, casing (1560) further includes a pair of pegs (1566)

extending outwardly from opposing sides of casing (1560). Pegs (1566) are configured

to insert into longitudinal slots (not shown) formed in handle assembly (1500) such that

casing (1560) is rotationally secured within handle assembly (1500) while casing (1560)

is still permitted to translate longitudinally via pegs (1566) inserted into the slots.

Accordingly, when drum (1520) is disposed about transducer (1550) and casing (1560) is

disposed about drum (1520), then casing (1560) is permitted to translate with drum

(1520) and with transducer (1550) in handle assembly (1500) via pegs (1566) in the slots

of handle assembly (1500). Furthermore, it should be understood that since pegs (1566)

prevent rotation of casing (1560), when transducer (1550) is rotated, casing (1560) does

not rotate. Accordingly, when brushes and/or conductors are coupled to a power supply

and electrically coupled to slip rings (1522, 1526) of drum (1520), the slip ring assembly

formed by casing (1560) and drum (1520) permit transducer (1550) to remain electrically

coupled to the power supply even when transducer (1550) is rotated through 360 degrees.

Other suitable configurations for drum (1520), transducer (1550), and/or casing (1560)

will be apparent to one of ordinary skill in the art in view of the teachings herein.

[00131] iv. Exemplary Alternative Rotary Electrical Coupling

Assembly

[00132] FIG. 28 shows yet another exemplary alternative drum slip ring assembly

comprising a drum (1600) and housing (1630) with a biased contact strip (1660). Drum

(1600) of the present example is disposed about a portion of a transducer (1602) and

drum (1600) comprises a body portion (1610), a raised annulus (1612), and a pair of



conductive portions (1620) disposed about a proximal and a distal end of body portion

(1610). Drum (1600) may be further constructed in accordance with at least some of the

teachings of drums (1350, 1410, 1430, 1450, 1470, 1520) and/or otherwise. Housing

(1630) of the present example comprises a main portion (1640) and a hinge portion

(1650). Main portion (1640) is a U-shaped member configured to partially fit around

drum (1600). A channel (1644) is formed in main portion (1640). Channel (1644) is

configured to receive and longitudinally retain raised annulus (1612) when drum (1600)

is inserted into main portion (1640). Main portion (1640) further includes two retaining

members (1642) configured retain portions of biased contact strip (1660). Biased contact

strip (1660) comprises a conductive strip having a plurality of arcuate contact portions

(1662). In the present example, contact portions (1662) are configured to bias inwardly

toward drum (1600) when biased contact strip (1660) is coupled to main portion (1640)

via retaining members (1642). In some versions main portion (1640) is integrated into a

handle assembly, such as handle assembly (60) described above. In other versions, main

portion (1640) may be longitudinally translatable relative to the handle assembly via pegs

or ledges extending from an outer surface of main portion (1640). Other suitable

configurations for main portion (1640) and/or biased contact strip (1660) will be apparent

to one of ordinary skill in the art in view of the teachings herein.

Hinge portion (1650) is configured to pivot from an open position, in which drum

(1600) may be loaded into main portion (1640), to a closed position, in which hinge

portion (1650) compresses drum (1600) into engagement with contact portions (1662).

Hinge portion (1650) and/or main portion (1640) may optionally include a retention

feature (e.g., a latch, clip, clamp, etc.) to lock hinge portion (1650) in the closed position.

Hinge portion (1650) of the present example includes an arced recess (1652) that

conforms to a portion of the curvature of drum (1600), though this is merely optional. In

the example shown in FIG. 28, hinge portion (1650) is shown in the closed position,

thereby compressing and electrically coupling conductive portions (1620) of drum (1600)

with contact portions (1662) of biased contact strip (1660). Accordingly, drum (1600)

and biased contact strip (1660) remain electrically coupled even when drum (1600) is

rotated through 360 degrees of rotation. In some other versions, drum (1600) may be

loaded from the distal end of drum (1600) and/or from the proximal end of drum (1600),



such that drum (1600) is inserted into housing (1630) along a longitudinal path. Drum

(1600) and/or housing (1630) may include a beveled edge to facilitate such insertion.

Other suitable configurations for drum (1600), main portion (1640), and/or hinge portion

(1650) will be apparent to one of ordinary skill in the art in view of the teachings herein.

[00134] v. Exemplary Alternative Rotary Electrical Coupling

Assembly

[00135] FIG. 29 shows another exemplary alternative drum slip ring assembly comprising

an inner drum (1700), an outer ring (1710), a threaded tube collar (1720), and a casing

(1730). In the present example, inner drum (1700) is a tubular member having

conductive contacts (1702) that are electrically coupled to a transducer (1750) via a pair

of transducer wires (1752). Transducer (1750) of the present example may be

constructed in accordance with at least some of the teachings of transducers (100, 300)

and/or otherwise. Transducer (1750) communicates with a waveguide (1751) and a

harmonic blade (not shown), which together form an acoustic assembly. The acoustic

assembly is supported by rotation knob (1721), which is rotatably coupled to casing

(1730). Inner drum (1700) is also supported by rotation knob (1721). Inner drum (1700)

is configured to electrically couple conductive contacts (1702) to complementary contacts

(1712) on outer ring (1710), as will be discussed in more detail below. In some versions

inner drum (1700) may omit contacts (1702) and instead have a flat surface to which

complementary contacts (1712) engage and electrically couple. Further configurations

for inner drum (1700) will be apparent to one of ordinary skill in the art in view of the

teachings herein.

[00136] In the present example, a threaded tube collar (1720) is coupled to casing (1730)

at a distal end of threaded tube collar (1720) and to inner drum (1700) at a proximal end

of threaded tube collar (1720). In the example shown, a tubular portion (1722) of

threaded tube collar (1720) is configured to insert into the inner diameter of inner drum

(1700) such that inner drum (1700) is carried by tubular portion (1722). Tubular portion

(1722) also includes a keyed portion (1724) (shown in phantom) on the exterior surface

of tubular portion (1722). Keyed portion (1724) is configured to insert into a key slot



formed in inner drum (1700) such that threaded tube collar (1720) is operable to rotate

inner drum (1700). In some versions inner drum (1700) may be configured to translate

on tubular portion (1722) while still being rotationally coupled to threaded tube collar

(1720) by keyed portion (1724). In other versions, inner drum (1700) may be integrally

formed with or physically coupled to threaded tube collar (1720) (e.g., adhesively

attached, pinned, clipped, bolted, etc.). In such versions, tubular portion (1722) and

keyed portion (1724) may be omitted. Threaded tube collar (1720) may be further

constructed in accordance with at least some of the teachings for tube collar cap (1330)

described above; collar (93) of U.S. Pat. Pub. No. 2006/0079874; tube collar (98) of U.S.

Pat. Pub. No. 2007/0282333 and/or otherwise.

[00137] Outer ring (1710) of the present example is mounted to casing (1730) and is

configured to form a slip ring assembly with inner drum (1700). As shown in FIG. 29,

outer ring (1710) includes a pair of complementary contacts (1712) configured to engage

and electrically couple outer ring (1710) with inner drum (1700). Of course, it should be

understood that outer ring (1710) may be omitted and a pair of point contacts may be

mounted to casing (1730) to electrical couple to inner drum (1700). In the present

example, outer ring (1710) is electrically coupled to a power supply (not shown) via

wires. Accordingly, with outer ring (1710) and inner drum (1700) electrically coupled,

transducer (1750) may be rotated relative to casing (1730) while still maintaining

electrical power from a power supply and not twisting any wires within casing (1730).

Further configurations for inner drum (1700), outer ring (1710), and/or alternative drum

slip ring assembly will be apparent to one of ordinary skill in the art in view of the

teachings herein. In some versions, inner drum (1700) and/or outer ring (1710) may be

manufactured as MID components.

[00138] It should be understood that aspects of one or more of the preceding drum slip

ring assemblies may be readily combined with aspects of any of the other drum slip ring

assemblies described herein. It should also be understood that the drum slip ring

assemblies described above may be readily combined with any other teachings herein.



[00139] H. Exemplary Molded Interconnect Device Electrical Coupling

Assemblies for a Transducer

[00140] In some situations, it may be preferable to reduce the number of components that

are used to electrically couple transducer (100) to a power supply. For instance, in some

arrangements the brushes of a drum assembly may be integrated into a portion of handle

assembly (60). In addition or in the alternative, it may be useful to integrate conductive

paths into the drum. In yet further instances it may be preferable to integrate conductive

paths into the brush unit that electrically couples to the drum. Accordingly, various

configurations for electrical coupling assemblies utilizing molded interconnect devices

will be described herein.

[00141] FIG. 30 depicts an exemplary handle assembly (1800) having a transducer (1850)

disposed therein. Handle assembly (1800) and transducer (1850) may be constructed in

accordance with at least some of the teachings of handle assemblies (60) and/or

transducer (100, 300) described above. In the present example, handle assembly (1800)

comprises a casing (1810) having a plurality of conductive traces (1820) formed in casing

(1810). Conductive traces (1820) may be formed via chemical etching, printing of

conductive ink, as a part of a molded interconnect device, and/or otherwise. Conductive

traces (1820) of the present example are electrically coupled to cable wires (1830), to one

or more switches (not shown), to a first brush lead (1840), and to a second brush lead

(1842). As shown in FIG. 30, brush leads (1840, 1842) are integrally coupled to casing

(1810) and have conductive portions that are configured to electrically couple one or

more of the cable wires (1830) with a corresponding conductive portion (1862, 1864) of

drum (1860).

[00142] Drum (1860) of the present example comprises a cylindrical member disposed

about a distal portion of transducer (1850) and includes a pair of conductive portions

(1862, 1864) disposed about the circumference of drum (1860). In the example shown,

first brush lead (1840) electrically couples to a first conductive portion (1862) of drum

(1860) while second brush lead (1842) electrically couples to a second conductive portion

(1864) of drum (1860). In some versions, drum (1860) is a molded interconnect device



having conductive portions (1862, 1864) integrally formed on drum (1860). Conductive

portions (1862, 1864) are further electrically coupled to corresponding electrodes (1852)

of a transducer (1850) via transducer wires (1854). Transducer (1850) and electrodes

(1852) of the present example may be constructed in accordance with at least some of the

teachings of transducers (100, 300) described above.

[00143] When a power supply (e.g., generator (20), etc.) is coupled the cable wires (1830),

electrical power is transmitted to transducer (1850) via the electric coupling assembly

formed by brush leads (1840, 1842) and drum (1860). Accordingly, even when

transducer (1850) (and therefore drum (I860)) is rotated, brush leads (1840, 1842) remain

electrically coupled to conductive portions (1862, 1864), thereby maintaining an

electrical connection with transducer (1850) even when transducer (1850) is rotated

through 360 degrees.

[00144] Other suitable configurations for brush leads (1840, 1842), drum (1860), and/or

handle assembly (1800) will be apparent to one of ordinary skill in the art in view of the

teachings herein. For instance, in some versions drum (1860) and brush leads (1840,

1842) need not necessarily be contained within handle assembly (1800). Instead, drum

(1860) and brush leads (1840, 1842) may be contained within a casing for transducer

(1850) and a brush leads (1840, 1842) may be selectively coupled to a power supply

when transducer (1850) is inserted into handle assembly (1800). One merely exemplary

selective coupling assembly for transducer (1850) may include a nosecone coupled to a

distal end of transducer (1850). One merely exemplary construction for such a nosecone

is shown and described in reference to FIG. 8B of U.S. Pat. Pub. No. 2006/0079874, the

disclosure of which is incorporated by reference herein. In addition or in the alternative,

brush leads (1840, 1842) may be omitted, and MID conductive channels may be formed

in casing (1810). In such a configuration, conductive rings (1862, 1864) may be omitted

and a pair of conductive discs, such as discs (710, 760, 820, 870), may be provided on

drum (1860) to electrically couple transducer (1850) to the conductive channels formed

in casing (1810).



[00145] FIG. 3 1 depicts an exemplary alternative brush assembly (1900) that is selectively

coupleable to handle assembly (1800). Brush assembly (1900) of the present example

comprises a body member (1910) and a pair of resiliently biased arms (1920). In the

present example, arms (1920) include conductive traces (1922) that terminate in contacts

(1924) configured to electrically couple to conductive portions of a drum, such as drum

(1860). Brush assembly (1900) of the present example comprises a molded interconnect

device. In some versions, a pair of wires (not shown) may be coupled to conductive

traces such that brush assembly (1900) may be coupled to a cable, such as cable (30).

Alternatively, a portion of conductive traces (1922) may be exposed on a portion of body

member (1910) such that when brush assembly (1900) is coupled to handle assembly

(1800), brush assembly (1900) electrically couples to exposed electrical contacts on

handle assembly (1800). Further configurations for brush assembly (1900) will be

apparent to one of ordinary skill in the art in view of the teachings herein.

[00146] In some versions, a stator drum (2000), shown in FIG. 32, may be configured to

electrically couple to drum (1860) to form a slip ring assembly. In addition or in the

alternative, stator drum (2000) may electrically couple to resiliently biased arms or

brushes. Stator drum (2000) of the present example comprises a molded interconnect

device formed by the coupling of two halves (2010, 2020) that are configured to

frictionally fit together. Each half (2010, 2020) comprises a plastic body, a half of a first

slip ring (2030), and a half of a second slip ring (2040). When halves (2010, 2020) are

coupled together, first slip ring (2030) and second slip ring (2040) form a pair of

continuous exposed slip rings on the interior surface of drum (2000). Each half (2010,

2020) further comprises a pair of longitudinal slots (2050) intersecting with slip rings

(2030, 2040). Longitudinal slots (2050) are configured to each receive a wire (not

shown) therein such that the wires electrically couple slip rings (2030, 2040) with a

power supply (e.g., generator (20), etc.). Accordingly, when halves (2010, 2020) are

pressed together about drum (1860), slip rings (2030, 2040) electrically couple to drum

(1860), thereby providing electrical power to transducer (1850) while still permitting

transducer (1850) to rotate relative to stator drum (2000). Stator drum (2000) further

includes a pair of flat portions (2002) on opposing exterior portions of stator drum (2000)

such that stator drum (2000) is prevented from rotating when flat portions (2002) abut a



surface. For instance, flat portions (2002) may abut the interior of handle assembly

(1800), thereby preventing rotation of stator drum (2000) while drum (1860) is permitted

to rotate freely therein. Flat portions (2002) may still permit stator drum (2000) to

translate within handle assembly (1800). Still further configurations for stator drum

(2000) will be apparent to one of ordinary skill in the art in view of the teachings herein.

[00147] Of course, other components of the transducer and/or handle assembly may be

molded interconnect devices as well. For instance, as noted above, a nosecone that

selectively electrically couples the transducer to handle assembly may be formed as an

MID component.

[00148] I . Exemplary Printed Circuit Board Electrical Coupling Assemblies

[00149] In some instances, it may be useful to construct the electrical coupling assemblies

that electrically couple transducer (100) to the power supply from cost-effective

materials. Merely exemplary cost-effective materials may include printed circuit boards

("PCB") having conductive traces that may be electrically coupled to stamped brushes.

Various examples of ways in which PCBs may be used to construct electrical coupling

assemblies will be described in greater detail below, while other examples will be

apparent to those of ordinary skill in the art in view of the teachings herein.

[00150] i . Exemplary PCB Electrical Coupling Assembly Having

Stamped Brush Contacts

[00151] One merely exemplary PCB electrical coupling assembly (2100) is shown in

FIGS. 33-36. PCB electrical coupling assembly (2100) comprises a rotatable PC board

(21 10) (see FIG. 34), a rotation drum (2120) (see FIG. 33), a transfer casing (2150) (see

FIG. 35), and a pair of stamped brush contacts (2170) (see FIG. 36). In the example

shown in FIG. 36, an exemplary transducer (2190) is shown electrically coupled to PCB

electrical coupling assembly (2100) via a pair of wires (2192). Transducer (2190) may

be constructed in accordance with at least some of the teachings of transducers (100, 300)

described above and/or otherwise. Referring initially to FIG. 34, PC board (21 10) of the

present example comprises a substantially flat disc having conductive traces (21 12) on



both sides of PC board (21 10). It should be understood that a multitude of conductive

traces (21 12) may be coaxially formed on a single side of PC board (21 12) or that only a

single conductive trace (21 12) may be provided on one side of PC board (21 10).

Conductive traces (21 12) may be formed on PC board (21 10) by chemical etching,

printing of conductive ink, as a part of a molded interconnect device, and/or otherwise.

Conductive traces (21 12) of the present example comprise circular paths of conductive

material (e.g., gold, copper, etc.) such that a brush contact (2170) (shown in FIGS. 35-36)

is operable to electrically couple to conductive traces (21 12) even when PC board (21 10)

is rotated through 360 degrees. In the example shown, conductive traces (21 12) further

include a coupling point (21 14) to which wire (2192) may be soldered, pinned, and/or

otherwise electrically coupled to conductive traces (21 12). Wire (2192) is then

electrically coupled to one or more electrodes (not shown) of transducer (2190).

Accordingly, as will be apparent to one of ordinary skill in the art in view of the

teachings herein, PC board (21 10) is operable to transmit power from brush contact

(2170) to transducer (2190) even when transducer (2190) and PC board (21 10) are

rotated relative to brush contact (2170).

PC Board (21 10) further includes a central aperture (21 16) having a pair of key

slots (21 18). Central aperture (21 16) and key slots (21 18) are sized and configured to

receive a central member (2122) of rotation drum (2120), shown in FIG. 33. Central

member (2122) of rotation drum (2120) comprises a hollow cylindrical member

configured to fit around a distal portion of transducer (2190). For instance, in the

example shown in FIG. 36, central member (2122) is disposed about a first resonator of

transducer (2190), though this is merely optional. In other versions, central member

(2122) may be disposed about the piezoelectric elements of transducer (2190). Of course

central member (2122) need not necessarily be disposed about any portion of transducer

(2190). In the example shown in FIG. 33, central member (2122) includes keyed

portions (2124) extending outwardly from central member (2122). Keyed portions

(2124) are configured to engage with key slots (21 18) of PC board (21 10) such that

rotation drum (2120) rotates PC board (21 10) when central member (2122) is inserted

into central aperture (21 16) of PC board (21 10). It should be understood that while keyed

portions (2124) rotationally couple PC board (21 10) to rotation drum (2120), PC board



(21 10) and/or rotation drum (2120) are permitted to longitudinally translate relative to

each other with keyed portions (2124) still engaged with key slots (21 18). Accordingly,

even if rotation drum (2120) is actuated proximally or distally (e.g., if rotation drum

(2120) is coupled to a translatable transducer), PC board (21 10) remains rotatable via

keyed portions (2124) and key slots (21 18).

[00153] Rotation drum (2120) of the present example is configured to couple to transducer

(2190) such that rotation of transducer (2190) also rotates rotation drum (2120). In the

arrangement shown in FIG. 36, rotation drum (2120) includes a flange (2126) configured

to couple to a collar assembly (2194) coupled to transducer (2190). Collar assembly

(2194) may be constructed in accordance with at least some of the teachings of tube

collar cap (1330); threaded tube collar (1730); collar (93) of U.S. Pat. Pub. No.

2006/0079874; tube collar (98) of U.S. Pat. Pub. No. 2007/0282333 and/or otherwise.

Flange (2126) of the present example may be adhesively or mechanically (e.g., pins,

threading, latches, etc.) coupled to collar assembly (2194). Accordingly, when transducer

(2190) is rotated, rotation drum (2120) is also rotated. Other suitable configurations for

coupling rotation drum (2120) to transducer (2190) will be apparent to one of ordinary

skill in the art in view of the teachings herein.

[00154] Referring now to FIGS. 35-36, a transfer casing (2150) is configured to encase the

assembled rotation drum (2120) and PC board (21 10) therein. In the example shown,

transfer casing (2150) comprises a two-piece hollow cylinder having an annular channel

(2152) configured to receive and retain PC board (21 10) therein when transfer casing

(2150) is assembled about rotation drum (2120) and PC board (21 10). Annular channel

(2152) of the present example is configured to restrict the longitudinal movement of PC

board (21 10) relative to transfer casing (2150). Such longitudinal restriction may be

useful to ensure an adequate electrical coupling of brush contacts (2170) with conductive

traces (21 12), as will be described in more detail below. In other versions, a resiliently

biased member, such as a spring, may be disposed between flange (2126) of rotation

drum (2120) and a portion of PC board (21 10) to bias PC board (21 10) in the proximal

direction against one or more brush contacts (2170). Still further configurations will be

apparent to one of ordinary skill in the art in view of the teachings herein.



[00155] Transfer casing (2150) further includes openings (2154) through which brush

contacts (2170) may be coupled to one or more wires (not shown) from a cable (not

shown) configured to provide power to transducer (2190). Brush contacts (2170) of the

present example comprise stamped members that are operable to engage and electrically

couple the cable with conductive traces (21 12) of PC board (21 10). In the present

example, brush contacts (2170) each include a resilient arm (2172), a body portion

(2174), and a connection tab (2176). Resilient arm (2172) extends from body portion

(2174) and biases away from body portion (2174). As shown in FIG. 36, when PCB

electrical coupling assembly (2100) is assembled, resilient arms (2172) brush against and

electrically couple brush contacts (2170) to conductive traces (21 12). Body portion

(2174) of the present example is configured to couple to an interior portion of transfer

casing (2150) such that brush contacts (2170) are substantially secured to transfer casing

(2150). In the example shown, a tab of transfer casing (2150) inserts into a hole formed

in body portion (2174) to secure brush contact (2170) to transfer casing (2150). Of

course, other securing components and/or methods may be used to secure brush contacts

(2170) to transfer casing (2150) (e.g., snaps, clips, clamps, screws, bolts, integral

formation, adhesives, etc.). Connection tab (2176) is configured to electrically couple to

one or more wires of the cable. Other suitable configurations for brush contacts (2170)

will be apparent to one of ordinary skill in the art in view of the teachings herein. Merely

exemplary alternative brush contacts (2200, 2202, 2204, 2206, 2208) are shown in FIG.

37.

[00156] Transfer casing (2150) of the present example further includes exterior ledges

(2156), though this is merely optional. Exterior ledges (2156) are configured to engage

slots (not shown) formed in a handle assembly, such as handle assembly (60), to prevent

rotation of transfer casing (2150). Accordingly, when the wires from the cable are

coupled to brush contacts (2170) described above, preventing transfer casing (2150) from

rotating may prevent the wires from the cable from tangling. It should be understood that

exterior ledges (2156) do not restrict transfer casing (2150) from translating relative to

the handle assembly. Accordingly, in some versions PCB electrical coupling assembly

(2100) may be integrated into a transducer assembly that may be longitudinally inserted



into a handle assembly via engagement of exterior ledges (2156) with the slots formed in

the handle assembly.

[00157] When a surgical instrument having PCB electrical coupling assembly (2100) is in

use, transducer (2190) remains electrically coupled to the cable and the wires of the cable

remain untangled even when the user rotates transducer (2190) through 360 degrees of

rotation.

[00158] It should be understood that the foregoing description is merely one example of a

PCB electrical coupling assembly (2100) and other various configurations and/or

arrangements will be apparent to one of ordinary skill in the art in view of the teachings

herein. For instance, in some versions only a single brush contact (2170) and conductive

trace (21 12) are used. Alternatively, in some versions brush contacts (2170) may be

configured to electrically couple to PC board (21 10), transfer casing (2150), and/or

rotation drum (2120) at a variety of locations. By way of example only, brush contacts

(2170) may electrically couple to conductive portions located on the interior surface of

rotation drum (2120), on the exterior surface of rotation drum (2120), on the proximal

surface of PC board (21 10), on the distal surface of PC board (21 10), and/or on the

exterior surface of transfer casing (2150). Moreover, in some versions brush contacts

(2170) may be manufactured using MID technology. It should also be understood that

the foregoing PCB electrical coupling assembly (2100) may be used in conjunction with

one or more of the electrical coupling assemblies described herein. For instance, PCB

electrical coupling assembly (2100) may electrically couple one wire from the cable to

transducer (2190) while cable plug (450) of FIG. 6 couples a second wire to a proximal

end of transducer (2190). In a further alternative, transfer casing (2150) may be

integrated into the handle assembly of the surgical instrument. FIG. 38 depicts such a

merely exemplary assembly having transfer casing (2150) integrated into a handle

assembly (2198).

[00159] ii. Exemplary PCB Electrical Coupling Assembly Having

Wave Springs



[00160] An exemplary alternative PCB electrical coupling assembly (2300) is shown in

FIGS. 39-41. PCB electrical coupling assembly (2300) is configured to electrically

couple a cable (not shown) to a transducer (23 10). In the present example, PCB electrical

coupling assembly (2300) comprises a PC board (2320), a mounting component (2330),

an outer casing (2340), a pair of wave springs (2350), and a pair of transducer wires

(2360). PC board (2320) of the present example comprises a cylindrical disc with

conductive traces (not shown) formed thereon. Such conductive traces may be

constructed in accordance with at least some of the teachings of conductive traces (21 12)

described above. The conductive traces of the present PC board (2320) each have a

coupling point, similar to coupling point (21 14) described above, to which a transducer

wires (2360) electrically couple. In the present example, conductive traces and coupling

points are formed on both the proximal and distal sides of PC board (2320), though either

side may omit the conductive trace and/or coupling point. PC board (2320) further

includes a central aperture configured to couple PC board (2320) to mounting component

(2330), as will be described below. PC board (2320) may be further constructed in

accordance with PC board (21 10) described above or in any other manner as will be

apparent to one of ordinary skill in the art in view of the teachings herein.

[00161] In the present example, a distal end (2338) of mounting component (2330) is

coupled to a distal flange (2312) of transducer (2310). In some versions, mounting

component (2330) may include features configured to dampen the vibrations from

transducer (2310) (e.g., springs, etc.), though this is merely optional. Mounting

component (2330) further includes resilient latching tabs (2332) configured to insert into

the central aperture of PC board (2320) such that resilient latching tabs (2332)

substantially secure PC board (2320) to mounting component (2330). In some versions,

latching tabs (2332) may insert into key slots, such as key slots (21 18) described above,

of PC board (2320) such that PC board (2320) is rotational coupled to mounting

component (2330). Of course it should be understood that this is merely optional and PC

board (2320) may be free to rotate relative to mounting component (2330).

[00162] A pair of wave springs (2350) (shown best in FIG. 41) are disposed on both the

proximal and distal sides of PC board (2320). In the present example, wave springs



(2350) are configured to engage and electrically couple to the conductive traces of PC

board (2320). Accordingly, when a power supply is coupled to wave springs (2350), the

electrical power is transmitted through wave springs (2350), to the conductive traces of

PC board (2320), and finally through transducer wires (2360) to the electrodes of

transducer (2310). Accordingly, even when transducer (2310) is rotated, wave springs

(2350) are continuously electrically coupled to PC board (2320) and supply electrical

power to transducer (23 10).

[00163] In the present example, wave springs (2350) are secured against PC board (2320)

by outer casing (2340) and an insertable ring (2348). Outer casing (2340) of the present

example comprises a substantially hollow cylindrical member having a distal interior

ledge (2342) (shown in FIG. 39) and a pair of resilient latching tab arms (2344) (shown

in FIG. 40). Tab arms (2344) are configured to permit insertable ring (2348) to snap into

outer casing (2340) from the proximal end of outer casing (2340). Accordingly, as

shown in FIG. 39, outer casing (2340) and insertable ring (2348) cooperatively retain

wave springs (2350) between interior ledge (2342) and insertable ring (2348). In the

present example, outer casing (2340) is longitudinally sized such that wave springs

(2350) are compressed against PC board (2320) when insertable ring (2348) is coupled to

outer casing (2340). As will be appreciated by one of ordinary skill in the art in view of

the teachings herein, if outer casing (2340) is coupled to a handle assembly, such as

handle assembly (60), wave springs (2350) may provide an additional damping effect to

reduce vibrations transmitted to the handle assembly. Furthermore, by utilizing wave

springs (2350), outer casing (2340) need not necessarily be configured to translate within

the handle assembly. Other suitable configurations for outer casing (2340) will be

apparent to one of ordinary skill in the art in view of the teachings herein.

[00164] To assemble PCB electrical coupling assembly (2300), initially mounting

component (2330) is decoupled from all the other components and is used as the starting

component. Outer casing (2340) is then slid over the proximal end of mounting

component (2330) until interior ledge (2342) of outer casing (2340) abuts distal end

(2338) of mounting component (2330). A distal wave spring (2350) is then also inserted

slid over the proximal end of mounting component (2330) until wave spring (2350) abuts



the proximal surface of interior ledge (2348). With outer casing (2340), and distal wave

spring (2350) so positioned, PC board (2320) is then coupled to mounting component

(2330) via latching tabs (2332). Outer casing (2340) and distal wave spring (2350) are

then slid proximally such that interior ledge (2348) compresses distal wave spring (2350)

against PC board (2320). A proximal wave spring (2350) is then inserted into outer

casing (2340) to abut the proximal side of PC board (2320). Insertable ring (2348) is

then snapped in and secured to outer casing (2340) via tab arms (2344). With PCB

electrical coupling assembly (2300) substantially assembled, PCB electrical coupling

assembly (2300) is then slid over a distal end of transducer (2310) and proximal end

(2338) of mounting component (2330) is secured to distal flange (2312). The assembled

transducer (2310) and PCB electrical coupling assembly (2300) may then be inserted and

used with a surgical instrument. Other suitable configurations for PCB electrical

coupling assembly (2300) will be apparent to one of ordinary skill in the art in view of

the teachings herein.

[00165] In some versions, PC boards (21 10, 2320) may omit their respective conductive

traces and flat conductive rings may instead be coupled to PC board (21 10, 2320). FIG.

42 depicts one merely exemplary set of electrodes (2400) incorporating flat conductive

rings (2410) at the end of each set of electrodes (2400). Electrodes (2400) of the present

example are alternatingly stacked with the piezoelectric elements of a transducer, such as

transducers (100, 300) described above. Once the piezoelectric stack is assembled, flat

conductive rings (2410) are positioned distally and are operable to electrically couple to

PC boards (21 10, 2320). It should be understood that flat conductive rings (2410) may

be used with other electrical coupling assemblies. For instance, a plurality of flat

conductive rings (2410) may be incorporated into outer housing assembly (700) shown in

FIGS. 11-12 or into outer rotor assembly (800) shown in FIG. 13.

[00166] III. Exemplary Integrated Controller with Transducer

[00167] In some situations it may be preferable to integrate electronic components within

a casing for a rotatable transducer (100). Such a configuration may need only a power

supply (e.g., generator (20), etc.) to be coupled to the casing in order for transducer (100)



to be operable by a user. Moreover, by having the electronic components integrated

within the casing of transducer (100), only a single temperature sensor may be needed to

monitor both the temperature of transducer (100) and the electronic components. Further

still, by including the electronic components within the casing of transducer (100),

thicker wires may be used for the electrical couplings due to the short run distances and

the reduced need for flexibility. These thicker wires may help mitigate heat generated

within the surgical instrument.

[00168] FIGS. 43-44 depict a transducer assembly (2500) comprising a transducer (2510),

a circuit board (2520), a casing (2550), and a pair of conductive rings (2570). Referring

initially to FIG. 44, transducer (2510) is secured to casing (2550) by a flange (2512). By

way of example only, flange (2512) may be mechanically coupled to a distal wall (2552)

of casing (2550). For example, flange (2512) may be secured via threading, clips, snaps,

clamps, screws, bolts, adhesives, etc. Other suitable attachments for flange (2512) to

distal wall (2552) will be apparent to one of ordinary skill in the art in view of the

teachings herein. Transducer (2510) and/or flange (2512) may further be constructed in

accordance with at least some of the teachings of transducers (100, 300) and/or

otherwise.

[00169] In the present example, circuit board (2520) comprises a rigid circuit board

coupled to flange (2512), though this is merely optional. In some alternative versions,

circuit board (2520) may be coupled directly to casing (2550) or to transducer (2510). In

the versions that circuit board (2520) is secured to transducer (2510), circuit board (2520)

may comprise a cylindrical or flexible circuit wrapped about transducer (2510). Circuit

board (2520) of the present example is electrically coupled to the electrodes of transducer

(2510) by wires (2522) and to conductive rings (2570) via wires (2524). In some

versions a sensor (2530) may be coupled to circuit board (2520). In the example shown

in FIG. 44, sensor (2530) is coupled to casing (2550) and is configured to measure the

temperature of transducer (2510) and/or within casing (2550). Sensor (2530) of the

present example comprises a positive temperature coefficient ("PTC") sensor, though it

should be understood that other sensors, including other types of temperature sensors

and/or sensors that do not measure temperature, may be used as well. If sensor (2530)



measures a predetermined temperature or a temperature exceeding a predetermined

threshold, circuit board (2520) and/or another electronic component may be configured to

alert the user (e.g., by auditory, visual, and/or tactile feedback) or to disconnect a power

supply coupled to transducer (2510) and/or circuit board (2520). In addition or in the

alternative, sensor (2530) and/or some other component may automatically disconnect

transducer (2510) and/or circuit board (2520) from a power supply in response to a

temperature reaching a certain level or exceeding a predetermined threshold.

[00170] Casing (2550) of the present example comprises a thin shell configured to contain

transducer (2510) and circuit board (2520) therein. In the instances where circuit board

(2520) comprises a flexible circuit, casing (2550) may be decreased in size to

substantially conform to the size and shape of transducer (2510). As noted above, casing

(2550) is coupled to transducer (2510) at distal wall (2552) of casing (2550). Casing

(2550) also includes a proximal wall (2554). Referring back to FIG. 43, proximal wall

(2554) of the present example comprises a circular wall having a pair of coaxial

conductive rings (2570) coupled to the proximal surface of proximal wall (2554).

Conductive rings (2570) are configured to electrically couple to a power supply. By way

of example only, pogo pins, conductive ball bearings, brushes, PC boards with

conductive traces, and/or other conductive rings may be used to electrically couple the

power supply to conductive rings (2570). Accordingly, transducer assembly (2500) may

be rotated through 360 degrees without decoupling from the power supply. As noted

previously, with circuit board (2520) contained within transducer assembly (2500), power

supply may simply comprise a battery that coupled to conductive rings (2570). In some

versions, the battery may be coupled to a belt and worn by the user, thereby further

enabling the mobility of the user and/or the surgical device. Alternatively, the battery

may be integrated into the surgical instrument. Still other suitable configurations for

transducer assembly (2500) will be apparent to one of ordinary skill in the art in view of

the teachings herein.

[00171] For the foregoing examples, it should be understood that the handle assemblies

and/or end effectors may be reusable, autoclavable, and/or disposable. For instance, the

foregoing end effectors may be disposable while the handle assemblies are reuseable



and/or autoclavable. In addition, if internal power supplies are used with the foregoing

handle assemblies, the internal power supplies may be rechargeable. For instance, the

handle assemblies may be recharged using a plug in recharge, by removing and

recharging the batteries, by induction, and/or by any other method as will be apparent to

one of ordinary skill in the art in view of the teachings herein. Furthermore, alignment

features or guides may be included to aid in the alignment and coupling of the end

effectors with handle assemblies. Such guides may help prevent damage to the end

effector and/or handle assembly during the assembly of the surgical instrument.

[00172] While certain configurations of exemplary surgical instruments have been

described, various other ways in which surgical instruments may be configured will be

apparent to those of ordinary skill in the art in view of the teachings herein. By way of

example only, surgical instruments referred to herein may be constructed in accordance

with at least some of the teachings of U.S. Pat. No. 6,500,176; U.S. Pat. No. 6,783,524;

U.S. Pat. No. 7,416,101; U.S. Pat. No. 7,738,971; U.S. Pat. No. 6,783,524; U.S. Pub. No.

2006/0079874; U.S. Pub. No. 2007/0191713; U.S. Pub. No. 2007/0282333; U.S. Pub.

No. 2008/0200940; U.S. Pub. No. 2009/0209990; U.S. Pub. No. 2009/043797; U.S. Pub.

No. 2010/0069940; and/or U.S. Provisional Application Serial No. 61/410,603, the

disclosures of which are herein incorporated by reference.

[00173] It should be appreciated that any patent, publication, or other disclosure material,

in whole or in part, that is said to be incorporated by reference herein is incorporated

herein only to the extent that the incorporated material does not conflict with existing

definitions, statements, or other disclosure material set forth in this disclosure. As such,

and to the extent necessary, the disclosure as explicitly set forth herein supersedes any

conflicting material incorporated herein by reference. Any material, or portion thereof,

that is said to be incorporated by reference herein, but which conflicts with existing

definitions, statements, or other disclosure material set forth herein will only be

incorporated to the extent that no conflict arises between that incorporated material and

the existing disclosure material.



[00174] It should be understood that any one or more of the teachings, expressions,

embodiments, examples, etc. described herein may be combined with any one or more of

the other teachings, expressions, embodiments, examples, etc. that are described herein.

The following-described teachings, expressions, embodiments, examples, etc. should

therefore not be viewed in isolation relative to each other. Various suitable ways in

which the teachings herein may be combined will be readily apparent to those of ordinary

skill in the art in view of the teachings herein. Such modifications and variations are

intended to be included within the scope of the claims.

[00175] Embodiments of the present invention have application in conventional

endoscopic and open surgical instrumentation as well as application in robotic-assisted

surgery. For instance, those of ordinary skill in the art will recognize that various

teaching herein may be readily combined with various teachings of U.S. Pat. No.

6,783,524, entitled "Robotic Surgical Tool with Ultrasound Cauterizing and Cutting

Instrument," published August 31, 2004, the disclosure of which is incorporated by

reference herein.

[00176] By way of example only, embodiments described herein may be processed before

surgery. First, a new or used instrument may be obtained and if necessary cleaned. The

instrument may then be sterilized. In one sterilization technique, the instrument is placed

in a closed and sealed container, such as a plastic or TYVEK bag. The container and

instrument may then be placed in a field of radiation that can penetrate the container,

such as gamma radiation, x-rays, or high-energy electrons. The radiation may kill

bacteria on the instrument and in the container. The sterilized instrument may then be

stored in the sterile container. The sealed container may keep the instrument sterile until

it is opened in a medical facility. A device may also be sterilized using any other

technique known in the art, including but not limited to beta or gamma radiation, ethylene

oxide, or steam.

[00177] Embodiments of the devices disclosed herein can be reconditioned for reuse after

at least one use. Reconditioning may include any combination of the steps of

disassembly of the device, followed by cleaning or replacement of particular pieces, and

subsequent reassembly. In particular, embodiments of the devices disclosed herein may



be disassembled, and any number of the particular pieces or parts of the devices may be

selectively replaced or removed in any combination. Upon cleaning and/or replacement

of particular parts, embodiments of the devices may be reassembled for subsequent use

either at a reconditioning facility, or by a surgical team immediately prior to a surgical

procedure. Those skilled in the art will appreciate that reconditioning of a device may

utilize a variety of techniques for disassembly, cleaning/replacement, and reassembly.

Use of such techniques, and the resulting reconditioned device, are all within the scope of

the present application.

Having shown and described various embodiments of the present invention,

further adaptations of the methods and systems described herein may be accomplished by

appropriate modifications by one of ordinary skill in the art without departing from the

scope of the present invention. Several of such potential modifications have been

mentioned, and others will be apparent to those skilled in the art. For instance, the

examples, embodiments, geometries, materials, dimensions, ratios, steps, and the like

discussed above are illustrative and are not required. Accordingly, the scope of the

present invention should be considered in terms of the following claims and is understood

not to be limited to the details of structure and operation shown and described in the

specification and drawings.



I/We claim:

1. A surgical instrument comprising:

(a) a body portion;

(b) an ultrasonic transducer;

(c) a tube collar wherein the tube collar is configured to rotate with the

transducer; and

(d) a rotatable electrical coupling assembly comprising:

i . a first part having a first conductive portion, and

ii. a second part having a second conductive portion and an aperture

formed through the second part,

wherein a second conductive portion is electrically coupled to the

transducer, wherein the first conductive portion and the second conductive

portion are electrically coupled, wherein the second part is configured to

rotate with the tube collar, and wherein the second part is rotatable relative

to the first part;

wherein a portion of the transducer is inserted through the aperture of the second

part, and wherein the portion of the transducer inserted through the aperture does

not contact the second part.

2 . The surgical instrument of claim 1 wherein the first conductive portion comprises

pogo pins.

3 . The surgical instrument of claim 1 wherein the first conductive portion comprises

brush contacts.

4 . The surgical instrument of claim 1 wherein the first conductive portion comprises

ball bearings.

5 . The surgical instrument of claim 1 wherein the transducer comprises one or more

electrodes, wherein the second conductive portion is fixedly coupled to an electrode of the one or



more electrodes, and wherein the second conductive portion is coupleable to the second part of

the rotatable electrical coupling assembly.

6 . The surgical instrument of claim 1 wherein the first part of the rotatable electrical

coupling assembly is longitudinally translatable relative to the body portion.

7 . The surgical instrument of claim 1 wherein the second part of the rotatable

electrical coupling assembly is longitudinally translatable relative to the tube collar.

8. The surgical instrument of claim 1 wherein the first part comprises a transfer case

and wherein the second part comprises a rotatable drum disposed within the transfer case.

9 . The surgical instrument of claim 1 wherein the first part of the rotatable electrical

coupling assembly comprises one or more conductive channels integrally formed on the body

portion.

10. The surgical instrument of claim 9 wherein the one or more conductive channels

comprise MID components.

11. The surgical instrument of claim 1 wherein the first part of the rotatable electrical

coupling assembly comprises one or more resiliently biased arms attached to the body portion

and wherein the one or more resiliently biased arms each comprise a contact configured to

electrically couple to the second conductive portion.

12. The surgical instrument of claim 11 wherein the one or more resiliently biased

arms comprise MID components.

13. The surgical instrument of claim 1 wherein the second part of the rotatable

electrical coupling assembly comprises a rotatable drum, wherein the second conductive portion

comprises a conductive trace.



14. The surgical instrument of claim 1 wherein the second part comprises an MID

component.

15. The surgical instrument of claim 1 further comprising:

(a) a transmission assembly extending distally from the body portion; and

(b) an end effector coupled to a distal end of the transmission assembly.

16. A surgical instrument comprising:

(a) a body portion;

(b) an ultrasonic transducer, wherein the transducer is rotatable relative to the

body portion; and

(c) a rotatable electrical coupling assembly comprising:

i . a disc comprising a conductive trace, wherein the disc is

configured to rotate with the transducer, and

ii. a brush contact electrically coupled to the conductive trace,

wherein the brush contact is electrically coupled to a power supply,

wherein the conductive trace is electrically coupled to the transducer.

17. The surgical instrument of claim 16 wherein the disc comprises a PC board.

18. The surgical instrument of claim 16 wherein the rotatable electrical coupling

assembly further comprises a rotation drum, wherein the rotation drum is configured to rotate

with the transducer, wherein the rotation drum comprises a keyed portion, wherein the disc

further comprises a key slot, wherein the disc is configured to be slidably carried by the rotation

drum, and wherein the keyed portion is configured to engage the keyed slot when the rotation

drum is rotated.

19. A rotatable transducer assembly comprising:

(a) a casing having a distal wall and proximal wall;

(b) a conductive member coupled to the proximal wall;

(c) an ultrasonic transducer comprising a coupling member, wherein the



coupling member is configured to couple the transducer to the distal wall

of the casing, wherein a first portion of the transducer is disposed within

the casing, and wherein a second portion of the transducer extends distally

from the casing; and

(d) a circuit board disposed within the casing;

wherein the circuit board is electrically coupled to the conductive member, and

wherein the circuit board is electrically coupled to the first portion of the

transducer.

20. The rotatable transducer assembly of claim 19 further comprising a sensor,

wherein the sensor is electrically coupled to the circuit board.
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