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FLEXIBLE CIRCUITS FOR ELECTROSURGICAL INSTRUMENT
TECHNICAL FIELD
[0001] The present disclosure is related generally to medical devices having various
mechanisms for grasping and sealing tissue. In particular, the present disclosure is
related io medical devices having grasping instruments that perform sealing procedurss

by applying electrical ensrgy via one or mors flexible circuit electrodes.

BACKGROUND
[6002] In many surgeries, multipie devices are used {o perform grasping of tissue,
ssaling of the tissue using elecirical energy or in other cases ulirasonic energy.
Conductive glements are use {o delivering slectrical energy from an energy source to the
energy delivery location. The conductive elements can be bulky and awkward to rouie
though the limited space available in the surgical instrument. While several devices have
been made and used, it is believed that no one prior to the inventors has made or used

the devices dascribad in the appended claims.

SUMMARY
[0003] In some aspects, a method of manufacturing a flexible circuit electrode
assembiy or a flexibie circuit glectrode assembly manufactured by the following method
is provided:
[0004] 1. A method of manufacturing a flexible circuit elecirode, the method
comprising: laminating a flexible electrically conductive sheet o a flexible electrically
insuiative sheet with an adhesive therebetween to produce a flexible laminate; forming at
least one electrode on the flexible electrically conductive sheet; forming at least one
electrically insulative layer on a tissus contacting surface of the least one slectrode; and
separating the al least one electrode from the flexible laminale.
[0005] 2. The method of example 1, wherein the flexible electrically conductive sheet
is selected from any one of copper, gold plaled copper, siiver, platinum, stainiess steel,
or aluminum, or alioys thereof.
[0006] 3. The meihod of example 1, wherein the flexible elecirically insulative sheet is
selected from any one of polyimide, polvester, fluorocarbon, or any polymeric material,

or any combinations thereof,
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[0007] 4. The method of axample 1, wherein forming the at least one elecirode on the
flexible electrically conductive sheet comprises eiching at least one elsctrode on the
flexible electrically conductive sheet.

[0008] 5. The method of example 4, wherein eiching comprises: screen printing a
protective barrier on the flexible electrically conductive sheet, and photoetching away
any remaining material which does not make up a final shape of the at least one
electrode.

[0009] 6. The method of any one of examples 1-5, wherein the at least one
elsctrically insulative layer further defines the at least one electrode.

[0010] 7. The method of example 1, wherein the at least one elecirically insulative
layer defines at least one slectricaily insulative element

[0011] & The method of example 7, wherein the al least one electrically insulative
element is configured as a spacer.

[0012] 9. The method of example 1, wheregin forming the at least one electrically
insuiative layer comprises printing a dielectric material on the tissue conlacting surfacs
of the at least one elecirode.

[0013] 10. The method of example 1, wherein forming the at least one electrically
insulative layer comprises bonding a dielectric cover film on the tissue contacting surface
of the at least one elecirode.

[0014] 11. The method of any one of examples 1-10, further comprising forming a
spacer by eiching the dielectric cover film bonded to the lissue coniacting surface of the
at least one electrode.

[0015] 12. The method of example 1, wherein forming the at least one slectrically
insuiative element comprises printing at least one dielectric nonstick element on a tissue
contacting surface of the at lsast ons elecirode.

[0016] 13. The method of example 12, wherein printing the least one dieleclric
nonstick element comprises printing an annular wall on the tissue contacting surface of
the at least one elecirode, wherein the annular wall defines a cavity.

[06017] 14. The method of example 1, wharain forming the at least one elacirically
insulative layer comprises printing at least one dielectric nonstick element on a tissue
contacting surface of the at least one elecirode.

[0018] 15. The method of example 1, wherein forming the at least one electrically

insuiative layer on the tissue contacting surface of the at least one electrode comprises
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printing at lsast one slectrically insulative element sized and configured to define a
predetermined gap between opposing jaw members of a clamp jaw assembly.

[0019] 16. The method of example 1, wherein forming the at least one electrically
insulative layer on the tissue contacting surface of the at least one elecirode comprises
printing at least one electrically insulative pattern of electrically insulative slements on
the tissue contacting surface of the at least one elecirode.

[0020] 17. The method of example 1, wherein separating the at least one elecirode
comprises die cutting the at least one elecirode from the flexible laminate.

[06021] 18. The method of example 1, wherein forming the at least one elecirode
comprises forming a distal electrode element on a distal end of the at isast one
elecirode.

[0022] 19. The method of example 18, wherein forming the distal elecirode elemeant
comprises forming a distal electrode element that is electrically coupled to the at least
one electrode.

[0023] 20. The method of example 18, wherein forming the distal electrode slement
comprises forming a distal slectrode element that is slectiically isolated from the at least
one glectrode.

[0024] 21. The method of example 1, wherein forming the at least one slecirode
comprises forming at least two electrode segmenis electrically isclated from each other
by & gap.

[0025] 22. The method of example 1, wherein forming the at leasi one elecirode
comprises forming at least two electrode segments connected by a flexure bearing.
[0026] 23. The method of example 22, wherein forming the least two electrode
segments connected by the flexurs bearing comprises forming the at least two elecirode
sagments spaced apart laterally relative {0 the flexurs bearing on the at lzast one
electrode.

[0027] 24. The method of example 22, wherein forming the least two elecirode
ssgments connecled by a fiexure bearing comprises forming the at least two elecirode
segments are spaced apart longitudinally relative to the flexure bearing on the at least
one glectrode.

[0028] 25. The method of example 1, wherein: forming at least one electrode on the
flexible electrically conductive sheet comprises forming a pluralily of slectrodes on the

fiexible electrically conductive sheet; and forming at least one elecirically insulatlive layer

3



WO 2017/146902 PCT/US2017/016919

on a tissue contacting surface of the least one elecirode comprises forming the at least
one slectrically insulative layer on a tissus contacting surface of each of the plurality of
electrodes.

[0029] 26. A flexible circuit electrode formed by a process, comprising: laminating a
fiexible electrically conductive sheet {0 a flexible elscirically insulative shest with
adhssive therebetwsaen {0 producs g flexible laminaie; forming al least oneg elsectrode on
the flexible electrically conductive sheet; forming at least one electrically insulative layer
on a tissue contacting surface of the least one electrode; and separating the at least
one electrode from the flexible laminate.

[0030] 27. The flexible circuit electrode of example 26, wherein the flexible electrically
conductive sheet is selected from any one of copper, gold plated copper, silver,
platinum, stainless steel, or aluminum, or alloys thereof.

[0031] 28. The flexible circuit electrode of example 26, wherein the flexible electrically
insuiative sheet is selected from any one of polyimide, polyestar, flucrocarbon, or any
polymeric matsrial, or any combinations thereof.

[0032] 28 The flexible circuit elscirode of examiple 28, wherein forming the at lsast
one slectrode on the flexible elecirically conductive sheet comprises etching at least one
electrode on the flexible electrically conductive sheet.

[0033] 30. The flexible circuit elscirode of example 29, wherein etching comprises:
soreen printing a protective barrier on the flexible slectrically conductive shest; and
photoeiching away any remaining material which does not make up a final shape of the
at least one electrode.

[0034] 31. The flexible circuit slectrode of example 30, wherein the at least one
elsctrically insulative layer further defines the at least one electrode.

[0035] 32. The flexible circuit slectrode of example 26, wherein the at least one
electrically insulative layer defines at least one elecirically insulative element.

[0036] 33. The flexible circuit electrode of example 32, wherein the at least one
electrically insulative element is configured as a spacer.

[0037] 34 The flexible circuit elscirode of examiple 28, wherein forming the at lsast
one slectrically insulative layer comprises printing a dielectric material on the tissue

contacting surface of the at least one elecirode.
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[0038] 35. The flexible circuit elscirode of examiple 28, wherein forming the at lsast
one slectrically insulative layer comprises bonding a dielectnic cover film on the tissue
contacting surface of the at least one elecirode.

[0039] 36. The flexible circuit electrode of any one of examples 26-35, further
comprising forming a spacer by etching dislectric cover film bonded to the tissue
contacting surface of the at least one electrods.

[0040] 37. The flexible circuit electrode of example 26, wherein forming the at least
one electrically insulative layer comprises printing at least one dielectric nonstick
element on a tissue contacling surface of the al least one slectrode.

[0041] 38. The flexible circuit slectrode of example 37, wherein the at least one
dislectric nonstick element comprises printing an annular wall on the tissue contacting
surface of the at least one electrode, whearein the annular wall defines a cavity.

[0042] 39. The flexible circuit electrode of example 26, wherein forming the at least
one electrically insuiative element comprises printing at least one dielsciric nonstick
element on a tissue contacting surfacs of the atleast one elecirode.

[0043] 40. The flexible circuit elscirode of example 28, wherein forming the at lsast
one slectrically insulative layer on the tissue contacting surface of the at least ons
electrode comprises printing at least one electrically insulative element sized and
configured to define a predetermined gap between opposing jaw members of a clamp
jaw assembly.

[0044] 41. The flexible circuit electrode of example 28, wherein forming the atl lsast
one electrically insulative layer on the tissue contacting surface of the at least one
electrode comprises printing at least ons elecirically insulative patiern of electrically
insuiative elements on the tissue conlacting surface of the at least one electrode.
[0045] 42. The flexible circuit electrods of example 26, wherein separating the at
lzast one slectrode comprises die cutling the at lsast one electrode from the flexible
laminate.

[0046] 43. The flexible circuit slectrode of example 26, whergin forming the at least
one electrode comprises forming a distal electrade element on a distal snd of the at least
one electrode.

[0047] 44. The flexible circuit slectrode of example 43, wherein forming the distal
electrode element comprises forming a distal elecirode element that is electrically

coupled to the al isast one slectrode.
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[0048] 45. The flexible circuit electrode of example 43, wherein forming the distal
electrode element comprises forming a distal electrods element thai is electrically
isolated from the at least one electrode.

[0049] 46. The flexible circuit electrode of example 26, wherein forming the at least
one slectrode comprises forming at lsast two electrode segments electrically isolated
from each other by a gap.

[0050] 47. The flexible circuit electrode of example 26, wherein forming the at least
one electrode comprises forming at least two electrode segments connected by a flexure
bearing.

[0051] 48. The flexible circuit slectrode of example 47, wheregin forming the least two
slscirode ssgments connecied by the flexure bearing comprises forming the at lsast two
electrode segments spaced apart laterally relative to the flexure bearing on the at least
one elecliode.

[0052] 49. The flexible circuit elscirode of example 47, wherein forming ths leasi two
electrode segments connectad by a flexure bearing comprises forming the at lsast two
slscirode ssgments are spaced apart longitudinally relative {o the flexure bearing on the
at least ons electrode.

[0053] 50. The flexible circuit electrode of example 26, wherein: forming at least one
eiscirode on the fiexible slectrically conductive sheet comprises forming a plurality of
electrodes on the flexible electrically conductive shast; and forming at isast one
electrically insulative layer on a tissue contacting surface of the least one elecirode
comprises forming the at least one electrically insulative layer on a tissue contacling
surface of each of the plurality of electrodss.

[0054] 51. A method of manufacturing a flexible circuit electrode assembly, the
method comprising: vacuum forming a flexible circuit; timming the vacuum formead
flexible circuit; and atlaching the frimmed vacuum formed flexible circuit to a jaw member
of a clamp jaw assembly.

[0058] 52Z. The method of example 51, further comprising: placing the vacuum formed
flexible circuit in 2 molding tool; and molding a substrate to support a profile of the
vacuum formed flexible circuit.

[0056] 53. The method of example 52, wherein attaching the trimmed vacuum formed
flexible circuit to the jaw member of the clamp jaw assembly comprises molding the

trimmed vacuum formed flexiblie circuit over the jaw member.
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[0057] 54. The method of exampls 51, whersin attaching the trimmed vacuum formed
flexible circuit to the jaw member of the clamp jaw assambly comprises adhering the
frimmed vacuum formed flexible circuit to the jaw member with adhesive.

[0058] The foregoing summary is illustrative only and is not infended to be in any way
limiting. in addition {o the illusirative aspects, aspects, and features described above,
further aspects, aspects, and features will bacome apparent by reference {0 the

drawings and the following delailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0059] The novel features of the aspects described herein are seti forth with
particularily in the appended claims. The aspects, however, both as (o organization and
methods of operation may be betier undersiood by reference io the following description,
taken in conjunction with the accompanying drawings as follows.
[6060] FIG. 1A shows a surgical instrument in electrical communication with an
energy source, according o one aspect of the present disclosure.
[0061] FIG. 1B is a detailed view of the end effector of the surgical instrument shown
in FIG. 1A, according to one aspect of the present disclosure.
[0062] FIG. 1C illustrates an example of a generator for delivering mulliple energy
modalities to the surgical instrument of FIG. 1A, according to one aspect of the present
disclosure.
[0063] FIG. 2 illustrates a bipolar flexible circuit electrode assembly that ulllizes the
flexible nature of flexible circuit electrode manufacturing process to incorporate a variety
of lead lengths and active/passive components in the electrode circuil, according to one
aspect of the present disclosure.
[0064] FIG. 3 illustrates a delail view of a bipolar flexible circuit slectrode assembly
comprising a shorl legad length, according to one aspect of the present disclosure.
[0065] FIGS. 4-9 illustrate a flexible circuit electrode comprising an extended lead,
according {o one aspect of the present disclosure, where:
[0068] FIG. 4 is a perspective view of a flexible circuit slectrode comprising an
extendad lsad, according to one aspsct of the present disclosure;
[0067] FIG. 5is a plan view of the electrically conductive element side of the flexible

circuit electrode shown in FIG. 4, according to one aspect of the present disclosure;
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[0068] FIG. 6 is a plan view of the slsclrically insulative glemaeant side of ths
electrically conductive slement of the Rexibls circuit electrode shown in FIG. 5, according
io one aspect of the present disclosure;

[0069] FIG. 7 is a side elevation view of the flexible circuit electrode shown in FIG. 4,
according to one aspect of the present disclosure;

[0070] FIG. 8 is an elavation view of the flexible circuit elacirode shown in FIG. 4
taken from a distal end, according to one aspect of the present disclosure; and

[0071] FIG. 9is an elevation view of the flexible circuit electrode shown in FIG. 4
taken from a proximal end, according {o one aspect of the present disciosure.

[0072] FIGS. 10-17 illustrate a flexible circuit electrode 200 comprising slectrically
insuiative elemenis, according 1o one aspect of the present disclosure, where:

[0073] FIG. 10 is a perspactive view of the electrically conductive side of a flexible
circuit electrode comprising at least one electrically conductive element and at least one
eisctrically insulative slement, according to ong aspect of the present disclosure;

[0074] FIG. 11 is a perspsaclive view of the flaxible circuit glectrods shown in FIG. 10
showing the slectrically insulative element of the slectrically conductive slement,
according to one aspsct of the present disclosure;

[0075] FIG. 12 is a plan view of the electrically conductive element side of the flexible
circuit electrode shown in FiG. 10, according to one aspect of the present disclosure;
[0076] FIG. 13 is a plan view of the electrically insulative element sids of the
electrically conductive element of the flexible circuit elecirode shown in FIG. 10,
according to one aspect of the present disclosure;

[0077] FIG. 14 is a side elevation view of the flexible circuit elecirode shown in FiG.
10, according to one aspect of the present disclosure;

[0078] FIG. 15 is an slevation view of the flaxible circuit glectrods shown in FIG. 10
faken from a distal end, according to one aspect of the present disclosure;

[0079] FIG. 16 is an elevation view of the flexible circuit electrode shown in FIG. 10
taken from a proximal end, according to one aspect of the present disciosure; and
[0080] FIG. 17 is a deiail view of ths flexible circuit elecirode shown in FIG. 10,
according to one aspsci of the present disclosure.

[0081] FIG. 18 illustrates an end effector comprising four flexible circuit electrodes
that can be independently energized and configured to provide an offset current path

according to one aspect of the present disclosure.
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[0082] FIG. 19 illustrates the end effector shown in FIG. 18 comprising four flexible
circuit electrodes that can be indspendently ensrgized and configured fo provide a direct
current path, according to one aspect of the present disclosure.

[0083] FIGS. 20-26 illusirate a segmenied offset flexible circuit electrode, according
to one aspect of the present disclosure, where:

[0084] FIG. 20 is a perspective view of a ssgmented offset flexible circuit elactrode
comprising two electrode segments of the elecirically conductive element side,
according to one aspect of the present disclosure;

[0085] FIG. 21 is a perspective view of the elsciricaily insulative slemeant side of the
ssgmented offset flexible circuit electrode shown in FIG. 20, according to one aspect of
the prasent disclosurs;

[0086] FIG. 22 is a plan view of the electrically conductive elemant side of the
segmented offset flexible circuit electrode shown in FIG. 20, according to one aspect of
the present disclosurs;

[0087] FIG. 23 illustrates a plan view of the slectrically insulative slemsnt side of ths
segmented offset slectrically conductive slement of the flexible circuit elacirode shown in
FIG. 20, according io one aspect of the present disclosure;

[0088] FIG. 24 is a side elevation view of the segmented offset flexible circuit
eisctrode shown in FiG. 20, according {o one aspsct of the present disclosure;

[0089] FIG. 25 is an slevation view of the segmented offset flexible circuit electrode
shown in FIG. 20 taken from a distal end, according o one aspect of the present
disclosure; and

[0090] FIiG. 26 is an slevation view of the segmented offset flexible circuit electrode
shown in FIG. 20 taken from a proximal end, according to ong aspect of the present
disclosure.

[0091] FIGS. 27-33 illusirate a flexible circuit electrode comprising electrically
insulative elements, according to one aspect of the present disclosure, where:

[0092] FIG. 27 is a perspsaclive view of a flexible circuit electrode comprising an array
of slectrically insulative elements showing the electrically conductive element, according
to one aspect of the present disclosure;

[0093] FIG. 28 is a perspective view of the electrically insulative element side of the
electrically conductive element of the flexible circuit electrode shown in FIG. 27,

according to one aspect of the present disclosure;
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[0094] FIG. 28 is a plan view of the electrically conductive elament sids of the flaxible
circuit electrode shown in FIG. 27, according to ons aspect of the presant disclosurg;
[0095] FIG. 30 is a plan view of the electrically insulative element of the electrically
conductive element of the flexible circuit electrode shown in FIG. 27, according o one
aspect of the present disclosure;

[0096] FIG. 31 is a side elevation view of the flexible circuit electrods shown in FIG.
27, according to one aspect of the present disclosure;

[0097] FIG. 32 is an slevation view of the flexible circuit electrode shown in FIG. 27
taken from a distal end, according io one aspect of the present disclosure; and

[0098] FIG. 33 is an slevation view of the flsxible circuit electrods shown in FIG. 27
faken from a proximal end, according o one aspsct of the present disclosure.

[0099] FIGS. 34-35 illustrate an integraied flexible circuit electrode comprising
electrically insulative elements, according to one aspect of the present disciosure,
where:

[0100] FIG. 34 is a perspsaclive view of an integrated flexible circuit slectrode
comprising electrically insulative elements showing the electrically conductive element
side of the integraled flexible circuif electrode, according to one aspect of the present
disclosure; and

[0101] FIG. 35 is a section view of the integrated fiexibie circuit electrode shown in
FIG. 34 taken through one of the electrically insulative elamenis, according {o one
aspect of the present disclosure.

[0102] FIG. 36 is a schematic diagram of an end effector comprising an upper jaw
and a lowsr jaw and flexible circuit electrodes attached to the corresponding uppsr and
lower jaws where the flexible circuit electrodes comprise electrically insulative elemsnis
{.g., insulative elements to establish desired gaps between glectrodss in bipolar
electrosurgical instruments), according {o one aspect of the present disclosure.

[0103] FIG. 37 is a plan view of the flexible circuit elecirode comprising a macro
patiern of electrically insulative elemenis showing the tissue contacting surface thereof,
according to one aspect of the present disclosurs,

[0104] FIG. 38 is a detail view of the flexible circuit slectrode shown in FIG. 37,
according to one aspect of the present disclosure.

[0105] FIG. 39 illusirates a flexible circuit electrode comprising a pattern of

electrically insulative elemenis, according o one aspect of the present disciosure.
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[0108] FIG. 40 is a deiail view of ths flexible circuit elecirode shown in FIG. 38,
according to one aspsci of the present disclosure.

[0107] FIG. 41 illustrales an end effector comprising an upper jaw and a lower jaw
and flexible circuit electrodes attached to the corresponding upper and lower jaws and
where the with the flexible circuil glectrode attached to the lower jaw comprisss a
thermal isclation and a distal slectrode element, according io one aspeact of the present
disclosure.

[0108] FIGS. 42-48 illustrate a flexible circuit electrode comprising a distal electrode
element and electrically insulative elements, according to ons aspect of the present
disclosure, where:

[0108] FIG. 42 is a perspective view of a flexible circuit glectrods comprising a distal
electrode element and electrically insulative elements showing the elecirically conductive
element, according o one aspect of the present disclosure.

[0110] FIG. 43 is a perspective view of the eisciricaily insulative slemeant of the of the
flexible circuit electrode shown in FIG. 42, according to one aspect of the prasent
disclosure;

[0111]  FIG. 44 is a plan view of the electrically conductive element side of the flexible
circuit electrode shown in FIG. 42, according to one aspect of the present disclosure;
[0112] FIG. 45 is a plan view of the elecirically insulative element of the flexible circuit
electrode shown in FIG. 42, according to one aspect of the present disclosurs;

[0113] FIG. 46 is a side elevation view of the flexible circuit electrode shown in FIG.
42, according to one aspect of the present disclosure;

[0114] FIG. 47 is an slevation view of the fiexible circuit slectrods shown in FIG. 42
taken from a distal end, according io one aspect of the present disclosure; and

[01158] FIG. 48 is an slevation view of the flexible circuit electrode shown in FIG. 42
faken from a proximal end, according to one aspect of the present disclosure.

[0116] FIGS. 48-51 illustrate detail views of a lower jaw portion of an end effector
comprising a flexible circuit electrode comprising a non-isclated distal electrods element
and electrically insulative elemants, according to one aspect of the present disclosure,
where:

[0117] FIG. 48 is a perspective view of a electrode comprising a non-isclated distal
electrode element and electrically insulative elements, according 1o one aspect of the

present disclosure;
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[0118] FIG. 50 is a perspective view of the end effecior shown in FIG. 48, according
to one aspect of the present disclosure; and

[0119] FIG. 51 is an elevation view of the end effecior shown in FIG. 49 taken from a
distal end, according to one aspect of the present disclosure.

[0120] FIiG. 52 is a perspsactive view of a lower jaw portion of an end effector
comprising an isclated disial slectrods elament, according o one aspect of the present
disclosure.

[0121] FIGS. 53-59 illusirate a flat flexible circuit electrode comprising an upper
eiscirode and a lowsr electrode, according to one aspect of the present disclosure,
where:

[0122] FIG. 83 is a perspective view of the flat flexible circuit electrode comprising an
upper electrode and a lower electrode coupled by a flexure bearing showing the
electrically conductive elements side, which define the slectrodes tissue sealing
surfaces, according to one aspect of the present disciosurs;

[0123] FIG. 54 is a perspsaclive view showing the electrically insulative element side
of the upper and lower flat flexible circuit electrodes shown in FIG. 33, according {o ons
aspect of the present disclosure;

[0124] FIG. 55 is a plan view of the electrically conductive elements side of the upper
and lower flat flexibie circuit electrodes shown in FIG. 53, according to one aspect of the
presant disclosure;

[0125] FIG. 56 is a plan view of the electrically insulative element side of the upper
and lower flat flexible circuit electrodes shown in FIG. 53, according to one aspect of the
present disclosure;

[0126] FIG. 57 is a side elevation view of the upper and lower flat flexiblie circuit
electrodes shown in FIG. 53, according to one aspect of the present disclosurs;

[0127] FIG. 58 is an elevation view of the upper and lower flat flexible circuit
electrodes shown in FIG. 53 taken from a distal end, according to one aspect of the
pressent disclosure; and

[0128] FIG. 58 is an elevation view of the uppsr and lower flat Haxible circuit
electrodes shown in FIG. 53 taken from & proximal end, according to one aspect of the
present disclosure.

[0129] FIGS. 80-66 illustrate a flexible circuit electrode comprising a flexure bearing,

according {o one aspect of the present disclosure, where:
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[0130] FIG. 80 is a perspective view of a flaxible circuit slectrods comprising upper
and lower slectrodes coupled by a flexurs bearing and in an open configuration,
according to one aspect of the present disclosure;

[0131] FIG. 61 is another perspeclive view of the flexible circuit electrode shown in
FIG. 60, according to one aspect of the present disclosurs;

[0132] FIG. 82 is a plan view of the flexible circuit electrode shown in FiG. 80,
according to one aspsct of the present disclosure;

[0133] FIG. 63 is a plan view of the flexible circuit electrode shown in FIG. 60,
according to one aspect of the prasent disclosure;

[0134] FIiG. 64 is a side elevation view of the flexible circuit elecirode shown in FiG.
80, according to ons aspect of the present disclosure;

[0135] FIG. 65 is an elevation view of the flexible circuit electrode shown in FIG. 60
taken from a distal end, according to one aspect of the present disclosure; and

[0136] FIG. 66 is an elevation view of the flexible circuit electrode shown in FIG. 60
taken from a proximal end, according to one aspect of the present disclosure.

[0137] FIGS. 67-68 illusirate a vacuum formed flexible circuit slectrode, according to
one aspect of the present disclosure, wheare:

[0138] FIG. 67 is a perspective view of an end effector comprising a vacuum formed
fiexible circuit elecirode, according to one aspect of the present disciosure;

[0139] FIG. 68 is a vacuum formed flexible circuit electrode that can be inseried in an
injection molding iool, according to ong aspect of the present disclosurs;

[0140] FIG. 69 is a vacuum formed flexible circuit electrode that can be adhered
directly to a jaw of the end effector jaw assembly shown in FIG. 67, according to one
aspect of the present disclosure.

[0141] FIGE. 70-72 illustrale a comparison of a thin, copper flexible circuit electrode
and a conventional stainless steel electrode from the standpoint of self-heating,
according to one aspect of the present disclosure, where:

[0142] FIiG. 70 illustrates a flexible circuit electrode, according to one aspect of the
present disclosure;

[0143] FIG. 71 iHlustrates a flat conductive tracs for a flexible circuit electrade,
according to one aspect of the present disclosure; and

[0144] FIG. 72 is a comparison of a conventional stainless steel electrode versus a

thin copper flexible circuit electrode, according to one aspsect of the present disclosure.
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[0145] FIGS. 73-80 illusirate mass produced a cost effective flexils circuit elscirode
sub-assembly with insulative barrier along with non-conductive stand-offs, according to
one aspect of the present disclosure, where:

[0146] FIG. 73 is a perspective view of an assembly comprising an array of flexible
circuit electrodes, according to one aspect of the present disclosure;

[0147] FIG. 74 is an elevation view of the assembly shown in FiG. 73, according io
one aspect of the present disclosure; and

[0148] FIG. 75 is a detail plan view of the assembly shown in FIG. 73 showing
individual flexible circuit electrodes fixed in a carrier web prior to die cutling, according to
one aspect of the present disclosure.

[0148] FIG. 78 is a perspective view of an assambly comprising an array of flexible
circuit electrodes in a carrier web, according 1o one aspect of the present disciosure;
[0150] FIG. 77 is a detail view of the array of flexible circuit electrodes in a carrier
web shown in FIG. 76, according to one aspect of the present disclosure;

[0151] FIG. 78 is an individual flexible circuil slectrode sub-assambly in a carrier web
prior to dis-cuiting, according to one aspect of the present disclosure;

[0152] FIG. 79 is a detail view of the individual flexible circuit electrode sub-assembly
in a carrier web shown in FIG. 78, according o one aspect of the present disclosure; and
[0153] FIG. 80 is an individual flexible circuit electrode sub-assembly shown in FiG.
78 after dig cutting and ready {0 be bonded {0 3 jaw of an end effector, according 10 one
aspect of the present disclosure.

[0154] FIGS. 82-87 describe a thermal assist end effector, according to one aspect of
the present disclosure, where:

[0155] FIG. 82 is a perspective view of an end effector jaw assembly comprising an
electrode and a thermal assist heater, according to ong aspect of the prasent disclosurs;
[0156]  FIG. 83 is a graphical depiction of powsr, voltage, and current versus
impedance, according to one aspect of the present disclosure;

[0187] FIiG. 84 is a schematic of a circuit of an RF drive source with a iow impedance
lvad between two electrodes, according to one aspsct of the present disclosure;

[0158]  FIG. 85 is a schematic of a circuit comprising an RF drive source with a low
impedance load between the electrodes, a heater, and a thermal assist control circuit,

according to one aspect of the present disclosure.
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[0156%8] FIG. 86 is a graphical depiction of impedance ({Z]) and power (P) versus tims
{1}, according o one aspect of the present disclosure,

[0160] FIG. 87 is logic flow depicling a process for operating the thermal assist
control circuit shown in FIG. 85, according 1o one aspect of the present disciosure.
[0161] FIGS. 88-91 illustrate an optlical force sensor based on a measuring light
fransmission through micro-bent polymer optical fibers (POF) embedded in an slastomer
strip, according to one aspect of the present disclosure, where:

[0162] FIG. 88 is an optical force sensor in a relaxed state, according to one aspect
of the pressnt disciosure,;

[0163] FiG. 83 is a cross section of the optical force sensor shown in FIG. 88 in a
relaxed state, according to one aspect of the present disclosure,

[0164]  FIG. 90 is a cross section of the oplical force sensorshown in FIG. 88 ina
compressed state, according fo one aspect of the present disclosure; and

[0165] FIG. 91 is a simplified schematic diagram of the optical force sensor shown in
FIG. 88, according o one aspect of the pressant disclosurs.,

[0168] FIGS. 82-93 illusirate polymer optical fibers (POF) integratad with flaxible
circuit electrodes for sensing a pressure in a jaw of an end effector, according 1o one
aspect of the present disclosure, where:

[6167] FIG. 92 is a section view of a lower jaw of an end effeclor comprising a
polymer oplical fiber (FCF) based force sensor, according (o ons aspect of the present
disclosure; and

[0168] FIG. 93 is a seclion view of the end effector shown in FIG. 92 with fissue
disposed on the polymer optical fiber (POF) based force sensor, according to one aspect
of the pressnt disclosure.

[0169] FIGS. 84-87 illustrate flai patterned flaxible circuit electrodes comprising a
flexure bearing, according 1o one aspect of the present disclosure, where:

[0170] FIG. 94 is a flat patterned flexible circuit electrode in a flat state where upper
and lower jaw elsecirode elements are in fransverse orieniation relative to a longitudinal
slement, according {o one aspect of the present disclosurs; and

[0171] FIG. 95 illustrates the flat patierned flaxible circuit electrods shown in FIG. 84
in a folded state where the upper and lower jaw electrode elements create a flexure

bearing, according fo one aspect of the present disclosure.
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[0172] FIG. 86 is a flat patternad flexible circuit elecirode in a flat stale where uppsr
and lower jaw electrode elements are in paralie! orieniation relative to a longitudinal
element, according o one aspect of the present disclosure; and

[0173] FIG. 97 illusirates the flat patterned flexible circuit electrode shown in FIG. 96
in a folded stale where the upper and lower jaw electrode glements create a flexure
bearing, according to one aspect of the present disclosure.

[0174]  FIGS. 98-8% illustrate a flexible circult integrated comprising an integrated
slider switch to control switching modes, according to one aspect of the present
disclosure, wheare:

[0178] FIiG. 98 is a side elevation view of a flsxible circuit electrode comprising an
integrated slider swiich, according to one aspect of the present disclosure; and

[0176]  FIG. 99 is a plan view of the flexible circuit electrode shown in FIG. 28
showing the integrated slider switch, according to one aspect of the present disclosure.
[0177] FIGS. 100-102 illustrate various flexible circuit electrode configurations with a
controlied swilching area to control various switching modes enabling a flexible circuit to
be turnad on and off in different areas, according to one aspect of the present
disclosure, where:

[0178] FIG. 100 is a planar view of a flexible circuit electrode configured to enable
inner and outer portions of the electrode {0 be conirolled separately and indspendently,
according to one aspsci of the present disclosure;

[0179] FIG. 101 is a planar view of a flexible circuit electrode configured to enable
separate and independent control of the distal tip of the electrode, according to one
aspect of the present disclosure; and

[0180] FIG. 102 is a section view of a flexible circuit electrode configured to enable
sgparate and indepeandent control of the outer edges of the elacirode, according to one
aspect of the present disclosure.

[0181] FIGS. 103-113 illusirates techniques for swilching and conirolling a radio
frequency (RF) flexible circuit electrode, according to various aspects of the present
disclosure, where:

[0182] FIG. 103 is a diagram illustrating the componenis and interconnections of a
system of an electrosurgical instrument for switching and controlling a radioc frequency

(RF) flexible circuit electrode, according to one aspect of the present disclosure;
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[0183] FIG. 104 is diagram of the system for switching and conirolling a radio
frequency {(RF) flexible circuil slectrode shown in FIG. 103 where an application specific
integrated circuit (ASIC) is emploved for the control circuit, according fo one aspect of
the present disclosure;

[0184] FiG. 105 is an electrical schematic of the system for switching and controiling
a radio frequency {(RF) flexible circuil slectrode shown in FIG. 103 and 104, according to
one aspect of the present disclosure;

[01858] FIG. 106 is a diagram of a serial communication circuit that may be employed
by the sysiem shown in FIG. 102, according to one aspect of the prasent disclosurs;
[0186] FIG. 107 is a wavsform generator circuit configured {o generate up to 4
synchronous arbitrary digital waveforms that may be employed by the sysiem shown in
FIG. 102, according o ong aspect of the present disclosure;

[0187] FIG. 108 is a stepper motor conirol circuit configured 1o drive a stepper motor
that may be employed by the system shown in FIG. 102, according to one aspsct of the
presant disclosure;

[0188] FIG. 108 is a quadrature encoder for sensing the position of a rotating disk
that may be emploved by the sysiem shown in FIG. 102, according 1o one aspect of the
present disclosure;

[0189] FIG. 110 is a schematic diagram of the quadraiure encoder shown in FIG.
108, according to the present disclosure;

[0190] FIG. 111 is a section view of a flexible circuit elecirode comprising a sensing
layer disposed below a polyimide layer, which is disposed below an electrically
conductive layer, according to one aspect of the present disclosure;

[0191] FIG. 112 is a plan view of a segmented flexible circuit electrode comprising
four segments, according to one aspect of the present disclosure; and

[0192] FIG. 113 is a logic diagram for controlling a segmented flexible circuit
electrode that may be employed by the system shown in FIGS. 103 and 104, according
to one aspect of the present disclosure.

[0193] FIGS. 114-118 illusirate a machanical temperature switch embedded in a
multi layer flexible circuit electrode {o implement flexible circuit switching elecirodes
based on the bimetal temperature principle, according to one aspect of the present

disclosure, where:
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[0194] FIG. 114 is a cross section view of a multilayer flexible circuit electrode
comprising a mechanical switch in the form of & dome disposed on the lowest layer of
the multilayer flexible circuit elecirode in a non-contact state, according o one aspect of
the present disclosure;

[0198] FIG. 115 is a lower plan view of the multilayer flexible circuit elecitrode shown
in FIG. 114, according to one aspsct of the present disclosure;

[0196]  FIG. 118 is an upper plan view of the multilayer flexible circuit electrode
shown in FIG. 114, according o one aspect of the present disclosure;

[0197] FIG. 117 is a cross section view of the mullilayer flexible circuit electrode
showing the dome formed on the lowest layer of the multilayer flexible circuit elscirode in
an elecirical contact state, according o one aspect of the present disclosure; and
[0198] FIG. 118 is a cross section view of a multilayer flexible circuit electrods
comprising a mechanical switch in the form of a spring disposed on the lowest layer of
the multilayer flexible circuit electrode in a non-contact state, according io one aspect of
the present disclosure;

[01998] FIGS. 118-121 illustrate a ssgmented flexible circuit electrode including a
sensor configured to provide feedback to a moilorized knife control circuit for conirolling
the position of the motorized knife, according to one aspect of the present disclosure,
where,

[0200] FIG. 119 iustrates the segmanted flexible circuit electrode where only the
proximal elecirode segment is activated, according to one aspect of the present
disclosure;

[0201] FIG. 120 illustrates a segmentad flexible circuit elecirode where only the
intermediate elecirode segmesnt is aclivated, according {o one aspsct of the present
disclosure; and

[0202] FIG. 121 illustrates a segmented flexible circuit electrode where only the distal
electrode segment is activated, according to one aspect of the present disclosure.
[0203] FiG. 122 illustrates a muiti-zone segmented flexible circuil electrode
configured to output different algorithms for each zong and treat tissue in gach zone
independently, according 1o one aspect of the present disclosure.

[0204] FIGS. 123-124 illustrate a technique for implementing a multiplexer with
flexible electronic circuits to provide improved control methods, according to one aspect

of the present disclosure, whers:
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[0205] FIG. 123 Hustrates a two lins multiplexer implemsnted with flexible electronic
circuits, according to one aspect of the present disclosurs; and

[0208] FIG. 124 illustrates a jaw configuration with independently actualable
electrodes, according to one aspect of the present disclosure.

[0207] FIG. 125 illustrates a flexible circuit segmented electrode comprising an inner
slgcirode and an outer glectrode that have different thermal conductivity properties for
altering tissue effects, according 1o one aspect of the present disclosure.

[0208] FIGS. 126-130 illustrates an integrated thin flexible circuit electrode shown in
FiG. 126 comprising a pressure sensor integrated with the flexible circuit electrode,
according {o one aspect of the present disclosure, where:

[0208] FIG. 126 is a elevation section view of a thin and flexible circuit elecirode
comprising a switching pressure sensor, according o one aspect of the present
disclosure;

[0210] FIG. 127 is a lowsr plan view of the flexible circuit electrode shown in FIG. 126
showing the pressurs sensor, according to one aspect of the present disclosure;

[0211] FIG. 128 is a side view of the flexible circuit elsctrode shown in FIG. 126 with
an embedded pressure sensor, according {o one aspect of the present disclosure;
[0212] FIG. 129 is a plan view of the flexible circuit electrode shown in FIG. 126 with
a tissue bundie present thereon, according to oneg aspect of the present disclosure; and
[0213] FIG. 130 is a plan view of the flexible circuit electrode shown in FIG. 126 with
a vessel present, according to one aspect of the present disclosure.

[0214] FIGS. 131-133 illusirate a flexible circuit electrode comprising seleclive
electrode zone activation employing piezoelectric pressure detection, according to tone
aspect of the pressnt disclosure, where:

[0215] FIG. 131 ilustrates a segmentsd flexible circuit slecirode divided inio three
activation segments, according to one aspect of the present disclosure;

[0216] FIG. 132 is a section view of the segmented flexible circuit electrode shown in
FIG. 131 showing an siectrods, a circuit, a piezoelectric sensor, and a knife slot
according to one aspect of the present disclosurs; and

[0217] FIG. 133 schematically Hlustrates a load pressure from tissus being applied to
electrode segments (sections 2-3) and a reaction pressure applied to underlving ceramic

piezoelectric sensors, according to one aspect of the present disclosure.
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[0218] FIGS. 134-138 iliustrate an optical temperaturs sensor embeddsd in a flexible
circuit electrode, according to one aspect of the present disclosure, whare:

[0219] FIG. 134 is a plan view of an optical temperalure sensor embeddad in a
flexible circuit electrode, according to one aspect of the present disclosure;

[0220] FIiG. 135 is as section view of the optical temperature sensor embeddedin a
flexible circuit electrods taken along section line 135--135 as shown in FIG. 134,
according to one aspsct of the present disclosure; and

[0221] FIG. 136 is a schematic of a bent fiber section curved with a radius of
curvature R, according to one aspect of the present disclosure.

[0222] FIGS. 137-138 iliustrate a flexible circuit bladder sensor for sensing pressure
and temperature, according to one aspect of the prasent disclosure, where:

[0223] FIG. 137 is an exploded view of the flexible circult bladder sensor, according
to one aspect of the present disclosure;

[0224] FIG. 138 is an elevation view of the flexible circuit bladder sensor attached {o
a jaw member of an end effecior, according to one aspect of the present disclosure; and
[0225] FIG. 138A is a section view of the pressure sensing integraied circuit,
according to one aspsct of the present disclosure.

[0226] FIGS. 139-140 illustrate a flexible circuit thermocouple sensor, according to
one aspect of the present disclosurs, where:

[0227] FIG. 139 is a2 schamatic diagram of the flexible circuit thermocouple ssnsor,
according to one aspect of the present disclosure; and

[0228] FIG. 140 is a section view of the flexible circuit thermocouple sensor,
according to one aspect of the present disclosure.

[0229] FIGS. 141-142 illusirate a pulse-oximeter and/or an i-walch sensor integrated
in a flexible circuit slectrode for identifying blood flow in tissue located batween the jaws
prior to clamping and cutling, according to one aspect of the present disciosure, where:
[0230] FIG. 141 illustrates a system 3600 comprising an electrosurgical instrument
3602 coupled to a generator 3604, according o one aspect of the present disclosurs;
and

[0231] FIG. 142 is a detail view of the end effector shown in FIG. 141 comprising a
pulse-oximeter sensor integrated in the flexible circuit electrodes, according to one

aspect of the present disclosure.
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[0232] FIGS. 143-147 illusirate eleciro optical sensors integrated with a flexible circuit
for sensing tissue properties, according o ong aspect of the presant disclosure, where:
[0233] FIG. 143 illustrates an exploded view of an electro optical sensor for sensing
of tissue properties integrated with a flexible circuit electrode, according to one aspect of
the present disclosure;

[0234] FIG. 144 is a plan view of the flexible circuit electrode comprising an elaclro
optical sensor for sensing of tissue properties shown in FIG. 143 inlegrated in a via of
the flexible circuit electrode 3702, according {0 one aspect of the present disclosure;
[0235] FIG. 145 is a section view of the slectro optical sensor integrated in a via of a
fiexible circuit electrods for sensing of tissus properiies, according to one aspect of the
present disclosure;

[0236] FIG. 146 is an elevation view of an end effecior with a flexible circuit electrode
comprising an electro optical sensor integrated therewith, according to one aspect of the
present disclosure; and

[0237] FIG. 147 is a plan view of a flexible circuit electrode comprising a plurality of
slgciro optical sensors integrated with, according 1o one aspect of the prasent
disclosure.

[0238] FIG. 148 illustrates a flexible circuit electrode comprising a vascular sensor
comprising a LED and photodiode arangement integrated therewith for sensing
vascularity, according to one aspect of the present disclosure.

[0239] FIGS. 140-150 illustrate a vascular tissue sensor integrated with an flexible
circuit electrode, according to one aspect of the present disclosure, where:

[0240] FiG. 149 is an end effector comprising upper and lower jaw members and a
vascular tissue sensor integrated with a flexible circuit electrode, according to one
aspect of the present disclosurs.; and

[0241] FIG. 150 is a schematic diagram of a sensor for mobile heart rate monitoring,
according to one aspect of the present disclosure.

[0242] FIGS. 151-157 illustrate various attachment techniques to connect and
disconnsact flexibie circuils o wiring on re-usable instrument connections, according to
one aspect of the present disclosure, wheare:

[0243] FIG. 151 illustrates a flexible circuit termination comprising supporied fingers,

according to one aspect of the present disclosure;
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[0244] FIG. 152 illustrates a flexible circuit termination comprising unsupporied
fingers, according io one aspect of the present disclosure;

[0245] FIG. 153 illustrates an example flexible circuit electrode with four supported
fingers exposed on the proximal end, according to one aspect of the present disclosure;
[0246] FiG. 154 is the frontside of a femaie elecirical connector configures to receive
a flexible circuit electrode, according to one aspsact of the present disclosure;

[0247]  FIG. 155 illusirates the backside of the electrical connecior shown in FIG. 154,
according to one aspect of the present disclosure;

[0248] FIG. 156 is an internal section view of biased contacts connecied to supported
finger shown in FIG. 153, according to one aspect of the present disclosure; and

[0248] FIG. 157 is a full flexible circuit electrode assembly comprising a flexible circuit
electrode connecied to a connectlor, according to one aspect of the present disclosure.
[0250] FIGS. 158-184 illustrate flexible circuit electrode attachment features for
connection and mechanical attachment, according {o one aspect of the present
disclosure {0 processing circuits and snergy sources, where:

[0251] FIG. 158 is a perspective view of a flexible circuit glectrods with
attachmentalignment features provided on a surface thereon, according o one aspect
of the present disclosure;

[0252] FIG. 158 is a section elevation view of a lower jaw member with the flexible
circuit electrode shown in FIG. 158 with attachment/alignment features shown in FIG.
158 prior to being dispused thereon, according to aspect of the present disclosure;
[0253] FIG. 160 is a section view of the lower jaw member shown in FIG. 159 with
the flexible circuit electrode with atlachment/alignment features shown in FIG. 159 prior
to being disposed thereon, according to aspect of the present disclosure;

[0254] FIG. 161 is a partial perspeciive visw of the flaxible circuit slectrodes shown in
FIG. 158 disposed on an insulative flexible subsirate with a solder point for connecling
an attachment/alignment feature shown in FIG. 158 o the flexible circuit electrode,
according to one aspect of the present disclosure;

[0255] FIG. 162 is an exploded visw of the flaxible circuit slectrods show in FIG. 158
with mulliple attachment/alignment features shown removed from the flexible circuit

electrode, according to aspect of the present disclosure;

22



WO 2017/146902 PCT/US2017/016919

[0258] FIG. 183 is an exploded view of lower a flexible circuit electrode with a single
attachmentalignment feature shown removed from the flexibls circuit elscirode,
according to aspect of the present disclosure; and

[0257] FIG. 164 is a perspective view of a flexible circuit electrode comprising an
atiachment feature for a wirg/cable connector, according {0 one aspect of the present
disclosure.

[0258] FIGS. 185-173 illustrate a flexible circuit electrode including alternale contacts
for routing and wiring multiple electrode paths {0 monopolar or bipolar instruments for
spot coagulation, according {o one aspsct of the present disclosure, where:

[0259] FIG. 185 is a perspeciive view of an end effector comprising an upper and
lower jaw member comprising a flexible circuit electrode with a distal monopolar
electrode and lateral bipolar electrodes, according to one aspect of the present
disclosure;

[0260] FIG. 166 is a plan view of the flexible circuit electrode shown in FiG. 165,
according to one aspsci of the present disclosure;

[0261] FIG. 187 is a detail section view of the proximal end of the flexibis circuit
electrode shown in FIG. 166 showing the electrically conductive traces for the distal
maonopolar electrode and the lateral bipolar electrodes, according to one aspect of the
present disclosure;

[0262] FIG. 168 is a perspective view of a lowsr jaw member of a jaw assambly
comprising a fold over flexible circuit electrode, according to one aspect of the present
disclosure;

[0263] FIiG. 169 is a detail view of the fold over flexible circuit slectrode shown in FIG.
166, according to one aspect of the present disclosure;

[0264] FIG. 170 is a perspective view of a rolating coniact assembily disposed about
the outer surface of an inner tube of a shafl component of the electrosurgical instrument,
according to one aspect of the present disclosure;

[0268] FIG. 171 is a detail section view of electricai contact wipers electrically and
rotatably couplad o the plurality of rotating contacts of the rolating contact assembly
disposed about the outer surface of the inner tube, according to one aspect of the
present disclosure;

[0266] FIG. 172 is a perspective view of the rotating contact assembly, according to

one aspect of the present disclosure; and
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[0267] FIG. 173 is a perspective view of the rolating contact assembly comprising an
outsr tube, an inner tube, and a plurality of rotating contacts formed on a flexible circuit
electrode and disposed about the inner fube, according to one aspect of the present
disclosure.

[0268] FIGS. 174-176 illustrate flexible circuit comprising a snap in elecirode
assembly and grasping/gap setling elements at a distal end, the elements having
various geometries {o aid in grasping and seiting the gap between the upper jaw and the
lower jaw members of a clamp jaw assembly, and a connecting scheme to couple the
snap in electrode assembly to the clamp jaw assembly, according {o one aspect of the
pressent disclosure, where:

[0268] FIG. 174 is a perspective view of a flaxible circuit comprising a snap in
electrode assembly at a disial end and an edge connector that contains an identification
card at a proximal end, according {0 one aspect of the present disclosure;

[0270] FIG. 174A is a detail view of two types of elements, according to various
aspects of the present disclosure;

[0271] FIG. 175 is a section view of the proximal end of the flexible circuit taken
along section line 175--175, as shown in FIG. 174, showing a T-slot configuration for
alignment of the flexible circuit with the shaft, and

[0272] FIG. 176 is an elevation view of a clamp jaw assembiy showing the female
end of an sdge connsclor and snap fit faature for electrically and mechanically coupling
the connector portion of the flexible circuit glectrode in to the clamp jaw assembly as
shown in FIG. 174 to a confrol circuit and/or a generator, according to one aspect of the
present disclosure.

[0273] FIGS. 177-178 illusirate an automatic slectrode renewal system for flexible
circuit electrodes, such as spools of flexible circuit elgcirodes, according to one aspect of
the present disclosure, where:

[0274] FIG. 177 is an elevation view of a clamp jaw assembly comprising an upper
jaw element and a lower jaw element and a renewable flexibls circuit elscirode system
for unwinding and advancing clean flexible circuit slectrodes from a proximal end pair of
upper and lower rollers and winding used flexible circuit electrodes about a distal end
pair of upper and lower spools in a distal direction, according to aspect of the present

disclosure; and
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[0275] FIG. 178 is an slevation view of the automatic electrode renswal systam
shown in FIG. 177 comprising an electrical brush contact io slectrically couple to a
flexible circuit electrode disposed about the lower roller at the proximal end, according io
one aspect of the present disclosure.

[0276] FIGS. 179-184 illustrate a flexible circuit comprising an electrode and a
vibratory element to mitigate tissue sticking to the clamp jaw mambers, according to one
aspect of the present disclosure, where:

[0277] FIG. 179 is a section view of a piezoselectric bimorph transducer altached to a
fiexible circuit elecirode, according to one aspect of the present disciosure;

[0278] FiG. 180 is a schematic illustration of the displacement of the piszoslectric
bimorph transducer shown in FIG. 178, where a first mode of deflection is shown in solid
line and a second mode of deflection is shown in dashed line, according to one aspect of
the present disclosure,;

[0279] FIG. 181 is a section view of a clamp jaw assembly comprising upper and
lower bimorph fransducers located in respective upper and lower jaw members,
according to one aspect of the present disclosurs;

[0280] FIG. 182 is a section view of the clamp jaw assembly shown in FIG. 181,
where the bimorph transducers located in the respective upper and lower jaw members
are in the second mode of maximum deflection (FIG. 180}, according {o one aspect of
the present disclosure;

[0281] FIG. 183 is a section view of the lower bimorph fransducer located on a lower
jaw member of the clamp jaw assembly configured in sensor mode to measure the
adhesion force “F” of tissue sticking o the lower jaw member, according to one aspect of
the present disclosure; and

[0282] FIG. 184 is a logic flow diagram of a technigue for opsrating a bimorph
fransducer by switching between a force measuring bimorph sensor to a driving bimorph
transducer resulting in vibrations proportional to the adhesion force, according to one
aspect of the present disclosure.

[0283] FIGS. 185-186 Hlusirate a jaw member comprising a flexible circuit slectrods
assembly comprising a vibratory element configured to vibrale to reduce tissue adhesion
on an electrode or remove tissue adhered {o the electrode, according to one aspect of

the present disclosure, where:
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[0284] FIG. 185 is a plan view of a vibrating jaw member comprising a flexibls circuit
electrode assembly configured to vibrate {0 reduce tissue adhssion io the electrods or
remove tissue adhered to the elecirode, according to one aspect of the present
disclosure; and

[02858] FiG. 186 is a ssction view of the vibrating jaw comprising a flexible circuit
slscirode shown in FIG. 186 taken along ssction 186--188, according o one aspect of
the present disclosure;

[0286] FIG. 187 is a schematic diagram of a circuit configured to activate the flexible
circuit electrode assembly (FIGS. 185-186) and the piezoelsciric element (FIG. 186)
simultaneously, according to one aspect of the present disclosure.

[0287] FIGS. 188-188 Hllusirate a jaw member 4500 of clamp jaw assembly
comprising a flexible circuit 4602 comprising an inner eleclrode 4604 for applving
therapy to tissue and an outer electrode 4608 for sensing, powering accessory functions,
and proximity detection among other functions, according to one aspect of the present
disclosure, where:

[0288] FIG. 188 is a perspective view of a jaw member comprising a flexible circuit
comprising an inner electrode and an outer elecirode, according to one aspect of the
present disclosure; and

[0289] FIG. 189 is a detail view of the jaw member shown in FIG. 188, according to
one aspect of the present disclosure.

[0290] FIGS. 180-192 illustrate a flexible circuit electrode assembly comprising
electrodes for tissue freatment and LEDs for Hluminating tissue, according o one aspect
of the present disclosure, whers:

[0291] FIG. 180 is an elevation view of a clamp jaw assembly comprising an uppsr
jaw member and a lower jaw mamber comprising a flexible circuit electrode assembly in
the lower jaw member, according to one aspect of the present disclosure;

[0292] FIG. 191 is a plan view of the flexible circuit electrode assembly comprising
the electrode and the plurality of LEDs positioned around the periphery of the lower jaw
member, according to one aspsect of the present disclosure; and

[0293] FIG. 192 is a section view of the flexible circuit elecirode assembly taken
along section line 192--192 as shown in FIG. 191, according fo one aspect of the

present disclosure.
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[0294] FIGS. 183-184 illusirate a flaxible circuit electrods assembly comprising an
electrode and an LED for signaling status, according {0 one aspect of the present
disclosure, whers:

[0295] FIG. 193 is a perspective view of a clamp jaw assembly comprising an upper
iaw member and a lower jaw member and a flexibls circuit elscirode assambly,
according to one aspect of the present disclosurs; and

[0296] FIG. 194 is a plan view of the flexible circuit elecirode assembly 4904 shown
in FIG. 193, according to one aspect of the present disclosure.

[0297] FIGS. 185-166 illusirate a flsxible circuit electrods assembly comprising an
optical sensing system comprising at least one light emitling diode (LED) and pholo
sensor to provide an indication of tissue status and visualization of the surgical sits,
according to one aspsct, where:

[0298] FIG. 185 FIG. 195 is an elevation view of a clamp jaw assembly comprising an
upper jaw member and a lower jaw member and a flexible circuil slectrode assembly,
according to one aspsct of the present disclosure; and

[0298] FIG. 196 is a logic diagram of operating the oplical sensing system described
in connection with FIG. 195, according o one aspect of the present disclosurs.

[0300] FIG. 197 illustrates a flexible circuit elecirode assembly comprising an
giscirode and a light pipe, according to one aspect of the present disclosure.

[0301] FiG. 198 illustrates a flexibls circuit elscirode assembly comprising an
electrode and a light pipe, according io one aspect of the present disclosure.

[0302] FIGS. 189-208 illusirate a flexible circuit inductive sensor inductance-to-digital
converter circuit and operation thereof, according o one aspect of the present
disclosure, wheare:

[0303] FIG. 199 lustrate a proximity sensor system comprising an inductive elemeant
formed on a flexible circuit, according to one aspect;

[0304] FIG. 200 is a functional block diagram of the proximity sensor system,
according {o one aspect,

[0305] FIG. 201 is a simplified circuit model of the proximily sensor system and g
proximal metal target, according to one aspect of the present disclosure;

[0306] FIG. 202 is a simplified circult model of a metal target modeled as L and R

with circulating eddy currents, according o one aspect of the present disclosure;
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[0307] FIG. 203 is a schematic diagram of a linear position sensing sysiem
comprising a flexible circuit inductive slemeant and an inductance-to-digital converier
circuit, according to one aspect of the present disclosure;

[0308] FIG. 204 is a graphical representation of the linear position sensing system
shown in FiG. 203, according to one aspect of the present disclosure;

[0308] FIG. 205 is a schematic diagram of an angular position sensing system
comprising a flexible circuit inductive element, according to one aspect of the present
disclosure;

[0310] FIG. 206 is a graphical representation of the angular position sensing system
shown in FiG. 203, according to one aspect of the present disclosure;

[0314] FIG. 207 is an upper layer layout of the flexible circuit inductive elament and
inductance-to-digital converter circuit; and

[0312] FIG. 208 is a lower layer layout of the flexible circuit inductive element and
inductance-to-digital converter circuil.

[0313] FIGE. 208-210 illustrate examples of flexible circuit electrodes coated with
ultraviolst (V) cured paint insulation systems, according to ons aspect of the pressant
disclosure, where:

[0314] FIG. 209 illustrates an elecirical connection or joint of a flexible circuit
eiscirode assembly in the process of being coated by eleciro spraying a dielectric
material thereon, according to one aspect of the present disclosure.

[0315] FIG. 210 is an electrical schamatic diagram of the electrospray process,
according to one aspect of the present disclosure.

[0316] FIGS. 211-215 illustrate temperature sensor overmolded with a flexible circuit
eiscirode assembly located in a jaw member to provide a biocompatible clamp jaw
assembly, according {o one aspect of the present disclosure, where:

[0317] FIG. 211 is a perspective view of a clamp jaw assembly configured for an
electrosurgical instrument tissue sealer comprising an embedded temperature sensor
5506, according to one aspect of the present disciosurs;

[0318] FIG. 212 is a plan view of the flexible circuil slectrode assesmbly comprising an
embedded temperature sensor overmolded therewith, according to pone aspect of the

present disclosure;
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[0318] FIG. 213 is a perspective view from the proximal snd of the flexible circuit
electrode assembly with a temperature sensor overmolded therewith, according {0 one
aspect of the present disclosure;

[0320] FIG. 214 is a section view of the flexible circuit electrode assembly with a
temperature sensor overmolded therewith taken along section line 214--214 as shown in
FIG. 213, according to one aspect of the present disclosure; and

[0321] FIG. 215 is a section view of the flexible circuit elecirode assembly with a
temperature sensor overmolded therewith taken along section line 215--215 as shown in
FiG. 213, according to one aspect of the present disclosure.

[0322] FIG. 216 illustrates a flexible circuit elscirode assembly comprising dual
slscirode heater elementis, according 1o one aspsct of the present disclosure

[0323] FIGS. 217-219 illusirate flexible circuit electrode assemblies comprising
electric knife and cooling cells, such as superconducting heat and/or MEMS cooling
cells, according to ons aspect of the present disclosure, where:

[0324] FIGE. 217-219 illustrate a process of sealing, cooling, and cutling tissue wile
cooling, according to one aspect of the present disclosure.

[0325] FIG. 217 is a section view of a clamp jaw assembly in the process of
performing a first step of sealing tissue disposed in the clamp jaw assembly, according
to one aspect of the present disclosure;

[0328] FIG. 218 is a section view of the clamp jaw assembly shown in FIG. 217 in the
process of performing a second step of cooling the tissue disposed in the clamp jaw
assembly, according {o one aspect of the present disclosure; and

[0327] FiG. 219 is a section view of the clamp jaw assembly 5700 shown in FIG. 217
in the process of performing a third step of cooling and cutling the tissue dispossd in the

clamp jaw assembly, according 1o one aspect of the present disclosure.

DETAILED DESCRIPTION
[0328] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols and referencs
characters typically identify similar components throughout the several views, unless
context dictates otherwise. The illustrative aspects described in the detailed description,

drawings, and claims are not meant to be limiting. Other aspects may be utilized, and
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gther changes may be made, without depariing from the scope of the subject matier
presantad here.

[0329] The following description of certain examples of the technology should not be
used to imit its scope. Other examples, features, aspects, aspects, and advaniages of
the technology will become apparent to those skilled in the art from the following
description, which is by way of lustration, one of ths 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.

[0330] liis further understood that any ong or more of the teachings, expressions,
aspects, examples, efc. described herein may be combined with any one or more of the
other teachings, expressions, aspecis, examples, etc. that are described herein. The
following-described teachings, expressions, aspects, examples, eic. should therefore not
be viswed in isolation relative to each sther. Various suitable ways in which the
feachings herein may be combinad will be readily apparent to those of ordinary skill in
the art in view of the teachings herein. Such medifications and variations are intended io
be included within the scope of the claims.

[0331] Also, in the following description, it is to be understood that terms such as
front, back, inside, outside, upper, lower and the ike are words of convenience and ars
not to be consirued as limiting terms. Terminology used herein is not meant to be limiting
insofar as devices described herein, or portions thereof, may be attached or utilized in
other crieniations. The varicus aspects will be described in more detail with reference {o
the drawings. Throughout this disclosure, the term “proximal” is used to describe the
side of a component, e.g., a shaft, a handle assembly, etc., closer to a user operating
the surgical instrument, e.g., a surgeon, and the term “distal” is used to describe the side
of the component further from the user operating the surgical instrurment.

[0332] Aspects of the present disclosure are presented for a single surgical
instrumant configured for grasping tissue, performing sealing procedures using slectrical
or ultrasonic energy. An end effector of the surgical instrumeant may include multiple
members arranged in various configurations to collectively perform the aforementioned
functions. As used herein, an end effector may be referred o as a jaw assembly or

clamp jaw assembly comprising an uppsr jaw member and a lower jaw member where
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the upper jaw member is movabie relative 1o the lower jaw member. In some aspects
one or both jaw members are movabie relative to each cther

[0333] In some aspects, an end effector of a surgical instrument includes a pair of
jaws for grasping and applving electrical energy to tissue at the surgical site. In some
aspects, an end sffector of a surgical instrument includes an ultrasonic member. The
ultrasonic member may be implemsanted in various different shapes, such as in a spoon
shape, a hook shape, a wedge shape, or in a shaps configured to grab or grasp tissue.
The ultrasonic member may be configured fo deliver ultrasonic energy through being
vibrated at an ultrasonic frequency. In some aspects, the ultrasonic member may be
retracted into a closure tube to aliow for focused use of one ar the other members.
[0334] In soms aspects, any of the mentioned examples also may be configured o
articulate along at least one axis through various means, including, for example, a serias
of joints, one or more hinges or flexure bearings, and one or more cam or pulley
systems. Other various fealures may include cameras or lights coupled to one or more
of the members of the end effscior, and various ensrgy options for the surgical
instrumant. The type of energy applied at the surgical site may take varicus forms and
includes, without limitation, monopolar and/or bipolar radio frequency (RF) energy,
microwave energy, reversible and/or irreversible electroporation energy, and/or
ulirasonic energy, or any combination thereof.

[0335] Various fealures dascribed herein may be incorporated in slectrosurgical
devices for applving elecirical energy o lissue in order to treat and/or destroy the fissue
are also finding increasingly widespread applications in surgical procedures. An
electrosurgical instrument typically includes a hand piece, an instrument having a
distally-mountad end effecior {e.g., one or more elecirodes). The end sffector can be
positioned against the tissue such that electrical current is introduced into the tissus.
Electrosurgical instrument can be configured for bipolar or monopolar RF energy
operation, and/or microwave energy, reversible and/or irreversible electroporation
energy, and/or ultrasonic energy, or any combination thereof. During bipolar RF
oparation, slectrical current is introduced inlo and returned from the tissue by active and
raturn electrodes, respectively, of the end effector. During monopolar RF operation,
current is infroduced into the fissue by an active electrode of the end effector and
returned through a return electrode (e.q., a grounding pad) separately locatedon a

patient's body. Heatl generated by the current flowing through the lissue may form
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hemostatic seals within the lissue and/or between tissues and thus may be particularly
useful for sealing blood vessels, for example. The gnd sffector of an slectrosurgical
device also may include a culting member that is movable relative o the tissue and the
electrodes io fransect the tissue. Reversible and/or irreversible electroporation energy
may be applied through the end effecior in a similar manner. In instruments comprising
an ultrasonic member, elecirical current may be conducted through the ulirasonic
member.

[0336] Electrical energy applied by an electrosurgical device can be transmitied to
the instrument by a generator in communication with the hand piece. Elsclrical energy
applied by an electrosurgical device can be transmitied to the instrument by a generator
in communication with the hand piece. The elsctrical energy may be in the form of RF
energy that may be in a frequency range described in EN 60601-2-2:2008+A11:2011,
Definition 201.3.218 - HIGH FREQUENCY. For example, the frequencies in monopolar
RF applications are typically restricted o less than 5MHz. However, in bipolar RF
applications, the frequency can be almost anything. Frequencies above 200 kHz can bs
ivpically used for MONOPOLAR applications in order {0 avoid the unwanted stimulation
of nerves and muscles which would result from the use of low frequency current. Lower
frequencies may be used for BIPOLAR technigues if the RISK ANALYSIS shows the
possibility of neuromuscular stimulation has been mitigatsd to an acceptable level
Normally, frequsncies above 5 MHz are not used in order {o minimize the problems
associated with HIGH FREQUENCY LEAKAGE CURRENTS. However, higher
frequencies may be used in the case of BIPOLAR technigues. it is generally recognized
that 10 mA is the lower threshold of thermal effects on tissue.

[0337] In application, an slecirosurgical device can transmit low frequency RF energy
through tissue, which causes ionic agitation, or friction, in effect resistive heating,
thereby increasing the temperature of the tissue. Because a sharp boundary is created
between the affected tissue and the surrounding lissue, surgeons can operate with a
high fevel of precision and control, without sacrificing un-targeted adjacent tissue. The
low operating temperatures of RF snsrgy is ussful for removing, shrinking, or sculpting
soft tissue while simultanecusly sealing blood vessels. RF energy works particularly well
on connective tissue, which is primarily comprised of collagen and shrinks when

contacted by heat.
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[0338] FIG. 1A shows an slectrosurgical instrument 2 in elecirical communication
with a generator 21, according o ons aspect of the presant disclosure. The surgical
instrument 2 is configurable with a flexible circuit 3 according io various aspects. The
surgical instrument 2 comprises an elongate member 4, such as a shaft, having a
proximal portion 9 coupled 1o a handle assembly 7. A distal portion 12 of the siongate
member 4 comprisas an end affector 14 (see FIG. 1B) coupled o a disial end of the
shaft 10. In some aspects, the end effector 14 comprises a first jaw 15a and a second
jaw 15b, each having an outer portion or surface 16a, 16b. At least one of the first jaw
15a and the second jaw 15b is rotatably movable reiative to the other along a path
shown by arrow J to transition the first and second jaws 15a, 15b between open and
closed positions. In operation, the first and second jaws 15a, 15b may be iransitioned
from the open position {0 & closed position to capture tissue therebetween. Caplured
tissue may contact one or more working portions of the jaw set, indicated generally as
17a, 17b, configured {o apply snergy to ireat target tissue located at or near the end
effector 14, The iype of ensrgy may fake various forms and includes, without limitation,
monopolar and/or bipolar radio frequency (RF) enargy, microwave energy, revarsible
and/or irreversible electroporation energy, and/or ulirasonic energy, or any combination
thereof.

[0339] The handie assembly 7 comprises a housing 18 defining a grip 19. In various
aspects, the handle includes one or mors confrol interfaces 20a-¢, e.g., & buiton or
switch 20a, rotation knob 20b rolatable along arrow R, and a trigger 20¢ movabls
relative to the grip 19 along arrow T, configured fo provide operation instructions to the
end sffector 13. Multiple butions, knobs, or triggers describsd also may be included as
part of the housing 18 in ordsr to manipulate one or more of the funclioning members at
the end effector 14, in some aspscis, the handle assembly 7 is further configured {o
electrically couple to a generator 21 to supply the surgical instrument 2 with energy.
While the generator 21 is illustrated as generally coupled to the handle assembly 7, e.g.,
with a cord, it is to be undersiood that in some aspects the generator 21 may be
positionsd within the elongats member 4. For example, in ong aspect, the generator 21
comprises one or mors direct current battsries positioned in the handle assembly 7,
shaft 10, or a portion thereof.

[0340] FIG. 1C illustrates an example of a generator 21 for delivering mulliple energy

modalities to a surgical instrument. As noted above, at least one generalor output can
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deliver muliiple energy modalities (e.q., ultrascnic, bipolar or monopolar RF, irreversibls
and/or reversible slectroporation, andi/or microwave energy, among othars) through a
single port and these signals can be delivered separately or simultaneously 1o the end
effector fo freat tissue. FIG. 1C illustrates an example of a generator 21 for delivering
multiple snergy modalities to a surgical instrumsnt. The generator 21 comprises a
processor 22 coupled to a waveform generator 24, The processor 22 and waveform
generator 24 are configured fo generate a variety of signal waveforms based on
information stored in a memory coupled to the processor 22, not shown for clarity of
disclosure. The digitally information associated with a waveform is provided to the
waveform generator 24 which includes ong or more digital-to-analog {(DAC) converters to
convert the digital input into an analog output. The analog ouwtput is fed {0 an amplifier 26
for signal conditioning and amplification. The conditioned and amplified osuiput of the
amplifier 26 is coupled {0 a power transformer 28. The signals are coupled across the
power transformer 28 to the secondary side, which is in the patient isolation side. A first
signal of a first ensrgy modality is provided to the surgical instrument batween ths
ferminals iabeled ENERGY, and RETURN;. A second signal of a second energy
modality is coupled across a capacitor 30 and is provided to the surgical instrument
between the terminals labeled ENERGY,, and RETURN,. The subscriptn is used to
indicate that up o n ENERGY/RETURN terminals may bs provided, where nis a
positive integer greater than 1. As an example, the first enargy modality may be
ultrasonic energy and the second energy modality may be RF energy. Nevertheless, in
addition to ultrasonic and bipolar or monopolar RF energy modalities, other energy
modalities inciude irreversible and/or reversible eleciroporation and/or microwave
enaergy, among others. Also, although the example lllustrated in FIG. 1C shows separate
raturn paths RETURN, and RETURN,, i will be appreciated that at least one common
refurn path may be provided for two or more energy modalities.

[0341] A voltage sensing circuit 32 is coupled across the terminals labeled ENERGY,
and RETURN; to measure the oufput voltage. A current sensing circuit 34 is disposed in
series with the RETURN, lag of the sscondary side of the power transformer 28 as
shown o measure ths oulput current. The outputs of the voltage sensing circuit 32 is
provided o an isolation transformer and analog-to-digital converter (ADC) 36 and the
output of the current sensing circuit 34 is provided 1o anocther isolation transformer and

ADC 38. The digital version of the output voltage and output current are fed back to the
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processor 22. The output voltage and oulput current information can be employed o
adjust the output voltage and current provided to the instrument and o compule output
impedance, amonyg other parameters. Input/output communications between the
processor 22 and patient isclated circuits is provided through an interface circuit 40, it
wili be appreciated that a similar voitage sensing circuit may be provided across the
ENERGY, and RETURN, terminals and a similar current sensing circuit may be
disposed in series with the RETURN, leg.

[0342] As shown in FIG. 1C, the generator 21 comprises at least one output port can
include a power transformer 28 with a single output and with multiple taps to provide
power in the form of one or more energy modalilies, such as ultrasonic, bipolar or
monopolar RF, reversible and/or reversible slectroporation, and/or microwave energy,
among others, for example, 1o the end effector depending on the type of treatment of
tissue being performed. For example, the generator 21 can deliver energy with higher
voliage and lower current to drive an ultrasonic transducer, with lower voitage and higher
current to drive RF slectrodes for sealing tissue, or with a coagulation waveform for spot
coagulation using either monopolar or bipolar RF elsclrosurgical electrodes. The gutput
waveform from the generator 21 can be steered, switched, or filtered {o provide the
frequency to the end effector of the surgical instrument. The connection of a transducer
to the generator 21 output would be preferably located between the outpul labeled
ENERGY1 and RETURN; as shown in FIG. 1C. In one example, a connection of RF
bipolar glectrodes to the generator 21 output would be preferably located between the
output labeled ENERGY,, and RETURN,. In the case of monopolar output, the preferred
connections would be active electrode (e.g., pencii or other probe) to the ENERGY,
output and a suitable return pad connecied to the RETURN, cutput.

[0343] The following descriptions and related figures provide examples of more
detailed designs of the end effector 14, including one or more members for grasping and
applying sealing energy, and one or more members with a fluid path for suction and
irrigation. The following are merely examples, and it may be apparent to thoss with skiil
in the art how the varicus examples may be combined or interchangsd o be included in

various other aspects, and aspects are not so limited.
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i. FLEXIBLE CIRCUIT ELECTRODE CONFIGURATIONS
A. Bipolar Flexible Circuit Electrods Assaembly

[0344] FIG. 2 illustrates a bipolar flexible circuit electrode assembly 50 that utilizes
the flexible nature of flexible circuit electrode manufacturing process to incorporate a
variety of iead 52 lengths and active/passive componenis in the slectrode circuit,
according to one aspect of the present disclosure. The bipolar flexible circuit elecirode
assembly 50 comprises an upper jaw flexible circuit eleclrode 54a and a lower jaw
fiexible circuit electrode 54b. A flexure bearing 58 connects the upper and lower jaw
giscirodes 54a, 54b. As used herein, the flexure bearing is made from the same material
as the two flexible circuit electrodes it connects, and may bs referred 10 as a living hinge
or living bearing. The upper and lower jaw flexible electrodes b4a, 54b are configured to
mount to a clamp jaw assembly, such as, for example, the end effecior 14 shown in FIG.
1C, of the electrosurgical device such as, for example, the surgical instrument 2 shown
in FIG. 1A. The upper and lower jaw flexible electrodes 54a, 54b are electrically coupled
to an generator 21 at the handle assembly 7 of the electrosurgical instrumant 2, all
shown in FIG. 1A, Ths lead 52 is disposed within the shaft 10 of the electrosurgical
instrument 2, as shown in FIGS. 1A, 1B. The lower jaw electrode 54b comprises an
electrically insulative layer 55 defining a plurality of electrically insulative elementis 56 to
prevent the upper and lower jaw electrodes 54a, 54b from shorting when the jaws are in
a closed configuration. The electrically insulative elements 56 define a gap betwesan the
upper and lower jaw electrodes 54a, 54b when they are in a closed configuration and
also improve tissue grasping between the jaw electrodes 54a, 54b.

[0345] in one aspect, the electrically insulative elements 58 can be provided on the
upper jaw electrode 54b and in other aspects the eleclrically insulalive slements 56 can
be provided on both the upper and lower jaw elscirodes 54a, 54b. The elsctrically
insulative elemenis 56 can be formed of a dielectric material which can be printed on the
flexible circuit electrodes 54a, 54b as described in further detail herein. In yvet another
aspect, the insulative layer 55 may be configured as an elecirically insulative cover that
further defines the slectrically conductive lower jaw elscirode 54b and can act as a
spacer element. in one aspect, the electrically insulative elements 58 may comprise a
nonstick coating or may be formed of a nonstick material such as polytetrafluoroethvlene
(PTFE), which is a synthetic flucropolymer of tetrafluoroethylene that has numerous

applications. The best known brand name of PTFE-based formulas is TEFLON by
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DuPont Co., for example. In one aspeci, the elscirically insulaiive slements 56 may bs
formed of a dielectric material.

[0348] In one aspect, the electrically insulative laver 55 may be formed by bonding a
dielectric cover film on the tissue contacling surface of the flexible circuit electrodes 54a,
54b. In ons aspect, the electrically insulative elements 56 may be formed by eiching the
dislectric cover film bonded io the tissue contaciing surface of the elscirode 54da, 54b. In
one aspect, al least one of the electrically insulative elements 56 may be configured as a
spacer to provide a predetermined gap between upper and lower electrodes.

[0347] As used throughout this description, the term element is used to refer a pisce
of material used to create or maintain a space between two things, such as jaw
members of an end effector. The pacers may be glectrically conductive or nonconductive
and in various aspects are formed of a dielectric material. In one aspect, the elements
can be made of a Positive Thermal Coefficient (PTC) ceramic, .g., barium titanate or
lead titanate composites. The slemsents can allernatively bs made of exotic materials,
including platinum, molybdenum disilicide, and silicon carbide. Thess are just 3 few
axampies, which are not msant to be Himiting. In an elsclrically conductive configuration,
the elemenis may be emploved to set a uniform or non-uniform predetermined gap
between tissue contacting surfaces of the upper and lower jaw members. In an
gisctrically nonconductive configuration, the elements may be employed to set a uniform
or non-uniform predetermined gap betwsen tissue contacting surfaces of the upper and
lower jaw members and prevent the electrodes in the upper and lower jaw members
from electrically shorting.

[0348] FIG. 3 illustrales a detail view of a bipolar flexible circuit electrode assembly
60 comprising a short lead 62 length, according to one aspect of the present disclosure.
The bipolar flexible circuit elecirode assembly 80 comprises an upper jaw flaxible circuit
electrode 64a and a lower jaw flexible circuit electrode 84b. A flexure bearing 68
connects the upper and lower jaw electrodes 64a, 64b. The upper and lower jaw flexible
electrodes 64a, 64b are configured to mount to a clamp jaw assembly, such as, for
axampie, the end effector 14 shown in FIG. 1€, of the elsctrosurgical device such as, for
exampie, the surgical instrument 2 shown in FIG. 1A. The upper and lower jaw flexible
electrodes 644, 64b are electrically coupled to a generator 21 at the handle assembly 7
of the electrosurgical instrument 2, all shown in FIG. 1A, The short lead 62 provides for

replaceable electrodes 64a, 64b or a replaceable jaw asssmbly of the end effecior 14.
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[0348] The lower jaw slectrode 64b comprises an electrically insulative layer 85
defining a pluralily of slgctrically insulative glemsnts 66 to prevent the upper and lower
jaw electrodes 64a, 64b from shorling when the jaws are in a closed configuration. The
electrically insulative elements 66 also define a gap between the upper and lower jaw
electrodes 64a, 64b when they are in a closed configuration and also improve tissue
grasping between ths jaw elecirodes 84a, 64b. in one aspect, the electrically insulative
elements 88 can be provided on the upper jaw electrode 64b and in other aspects the
electrically insulative elements 66 can be provided on both the upper and lower jaw
giscirodes 64a, 64b. The electrically insulative slements 66 can be formed of a dielectric
material which can be prinied on the flsxible circuit electrodes 64a, 64b as described in
further detail herein. in yet ancthar aspect, the slectrically insulative laver 85 may bs
configured as an slectrically insulative cover that further defines the electrically
conductive lower jaw electrode 64b and can act as a spacer element.

[0350] The electrically insulative element 66 may be defined by the electrically
insulative layer 85 and can be configured as an slectrically insulative barrier between the
jaw electrodes, provide a predstermined gap betwsen the jaw electrodes, and/or assist
tissue grasping betwesan the jaw slectrodes. In one aspect, the elecirically insulative
elements 66 may comprise a nonstick coating or may be formed of a nonstick material
such as TEFLON to prevent tissue from slicking thereto. In one aspect, the electrically
insuiative slemants 66 may bs formed of a dislectnic material.

[0351] In one aspect, the electrically insulative laver 85 may be formed by bonding a
dielectric cover film on the tissue contacling surface of the flexible circuit elecirodes 64a,
B84b. In ong aspect, the electrically insulative elements 66 may be formed by eiching the
dislectric cover film bonded to the tissue contacting surface of the elecirode 64a, 64b. In
one aspect, al least one of the electrically insulative elements 66 may be configured as a
spacer to provide a predetermined gap between upper and lower electrodes.

[0352] With reference now to FIGS. 2 and 3, in various aspects the bipolar flexible
circuit electrode assembilies 50, 60 utilize the flexible nature of the flexible circuit
slscirode manufacturing process to incorporats a variety of lead lengths and
active/passive components can be provided in the slectrode circuit. The bipolar flexible
circuit electrode assemblies 50, 60 can be configured in a variety of ways. For example,
as shown in FIG. 2, the length of the lead 52 may be, 1o enable moving the slectrical

termination point to the handis assembly 7 (FIG. 1A), reducing part count, electrical
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connection poinis and enabling the inclusion of additional active componsnts such as
switches, elscirically erasable programmable read only memory (EEPROM), eic.,
intimately associaled with the electrodes. Allernatively, as shown in FIG. 3, the length of
the short lead 62 can be short as shown in FIG. 3, i.e., near the flexure bearing 68
connecting the upper and lowsr jaw electrodes 64a, 64b, which can enable replaceable

slgcirodes 84a, 64b or jaws.

B. Bipolar Flexible Circuit Electrode Assembly Including Extended Leads

[0353] FIGS. 4-9 illustrate a flexibie circuit elecirode 100 comprising an exiendsd
lead 102, according to one aspect of the present disclosure. FIG. 4 is a perspective view
of a flexible circuit elscirode 100 comprising an extended lead 102, according to ons
aspect of the present disclosure.

[0354] FIG. 5is a plan view of the electrically conductive element 104 side of the
fiexible circuit electrode 100 shown in FIG. 4, according to one aspect of the present
disclosure. FIG. 8 is a plan view of the slectrically insulative slement 110 side of the
flexible circuit elsctrode 100 shown in FIG. 5, according io one aspect of the present
disclosure.

[03558] FIG. 7 is a side elevation view of the flexible circuit electrode 100 shown in
FiG. 4, according 10 one aspect of the present disciosure. FIG. 8 is an slevation view of
the flexible circuit elsctrode 100 shown in FIG. 4 taken from a distal end 112, according
io one aspect of the present disclosure. FIG. @ is an elevation view of the flexible circuit
electrode shown in FIG. 4 taken from a proximal end 114, according to one aspect of the
present disclosure.

[0356]  With reference now o FIGS. 4-9, the flexible circuit electrode 100 comprises a
lead 102 for connecting the slectrode 100 to an energy source, such, for example, a
radic frequency (RF) generalor that oulpuis enough power to seal tissue. The lead 102
enables the electrode 100 to be connecled to the energy source at the handle portion of
the electrosurgical device. The electrode 100 comprisss a jaw member portion 116 that
can be attached sithar to the upper jaw membsr, the lower jaw member, or both, of a
clamp jaw assembly of the slectrosurgical instrument. The jaw member portion 116
comprises at least one electrically conductive slement 104 and a knife slot 108. The
knife portion of the electrosurgical instrument 2 (FIG. 1A) is slidably movable within the

knife siot 108 to cut the tissue after it has been sealed using electrosurgical energy.
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[0357] In one aspect, an electrically insulative laver 105 may be provided on the at
least one electrically conductive element 104 to prevent elactrically shorting the jaw
member electrodes when they are in a closed configuration. In another aspect, the
electrically insulative layer 105 defines at least one electrically insulative element 106 to
establish a predeterminad gap between the jaw electrodes of a bipolar elecirosurgical
instrumant. In vet ancther aspect, the slectrically insulative layer 105 may be configured
as an elecirically insulative cover that further defines the electrically conduciive element
104 and can act as a spacer. The electrically insulative element 106 may be defined by
the slectrically insulative layer 105 and can be configured as an electrically insulative
barrier bstween the jaw elecirodes, provide a predetermined gap between the jaw
slgcirodes, and/or assist tissue grasping belween the jaw elactrodes. In one aspect, the
electrically insulative elemenis 106 may comprise a nonstick coating or may be formed
of a nonstick material such as TEFLON to prevent tissue from sticking thereto. In one
aspect, the electrically insulative elements 108 may be formed of a dielsciric material.
[0358] In one aspect, the eleclrically insulative layer 105 may be formed by bonding a
dislectric cover film on the electrically conductive element 104, In one aspect, atlgast
one of the electrically insulative elements 106 may be formed by etching the dielectric
cover film bonded to the electrically conductive element 104. In one aspect, atleast one
of the electrically insulative elements 106 may be configured as a spacer o provide a
predetermined gap bebween upper and lower elecirodes.

[0359] The elecirically conductive element 104 comprises electrically conductive
material such as copper, gold plated copper, silver, platinum, stainless steel, aluminum,
or any suitable slectrically conductive biocompatible material, for example. In ons
aspect, the electrically insulative layer 105 further dsfines the at least one slectrically
conductive element 104, One or more than one of the electrically conductive elements
104 may be configured and arranged io define a conductive electrode.

[0360] The jaw member portion 116 of the flexible circuit electrode 100 defines a
knife siot 108 that exdtends along a length of the jaw member portion 118, Although
gensrally speaking the knife slot 108 is iaterally centered, this is not necessarily always
the case, and in other aspects, the knife slot 108 may be laterally offset from center.
[0361] The elecirically insulative element 110 portion of the electrically conductive
element 104 of the flexible circuit electrode 100 is formed of electrically insulative

material such as a polymer and more specifically can be a polvimide, polyestsr,
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fluorocarbon, or any polymeric material, or any combinations thereof The slectrically
insuiative slemant 110 of the elsclrically conductive element 104 is generally atiached to
the tissue contacting side of the upper or lower jaw mambers of the clamp jaw assembly.
[0362] The flexible circuit electrode 100 can be mass produced for a bipolar medical
device, generally refsrred 10 as an electrosurgical device. A flexible electrically
conductive sheet (8.g., Cu) is bonded to an electrically insulative backing sheet (e.g.,
polvimide backing) and the electrically elemenis 106 are printed at two or more locations
on the electrically conductive element 104 of the electrode 100. The elements 106 serve
to prevent the electrode 100 from shorting within the opposing jaws, create a defined
gap between the jaws, and/or assist tissue grasping. After the elemenis 106 are printed
on the slectrically conductive element 104 of the slectrically conductive sheet.

[0363] In one aspect, the elecirode 100 can be produced by laminating the metallic
sheet to an electrically insulative film made of polyimide, polyester, fluorocarbon, orany
polymeric material, or any combinations thersof. The electrically insulative layer 105 as
well as the slements 106 may be screen printsd on the conductive face of the electrically
conductive slement 104 of the elactrode 100. The shape of ths electrode 100 is formed
by screen printing a protective barrier io the metallic film. This prolective barrier allows
the shape of the electrode 100 o be formed by photoetching away the remaining
material which doss not make up the final shape of the glectrode 100. Finally the
individual glectrode 100 is dis-cut out leaving an electrode subassembly that can be
bonded {0 the jaws.

[0364] The electrically insulative element 110 can have an adhesive or a braze-able
surface on the back side to atiach the flsxible circuit electrods 100 to the lower or upper
jaw of the end effector depending on the jaw construction of the surgical instrument.
[0365] The various types of flexible circuit electrodes described in connection with
FIGS. 2-66 can be manufactured in a manner similar to that described in the preceding
paragraphs and for conciseness and clarity of disclosure will not be repeated in the
description of such figures. Furthermore, a detailed process of manufacturing flexible
circuit electrodes is discussad in connection with FIGS. 73-81. The description now turms
to ancther type of flaxible circuit electrode comprising a dielectric layer, which in one
aspect comprises at least one nonstick element and in a further aspect defines an

annular configuration.
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[0366] Further, any of the electrodes described in connection with FIGS, 2-88, may
be formed of the following materials having the indicated thicknessss. Polential materials
and combination of materials for the electrically conductive portion of the elecirodes
include copper, gold plated copper, silver, platinum, stainless steel, aluminum, or any
suitable electrically conductive biocompatible material, for example, among other
slscirically conductive metals and/or alloys. In one example, the flexible circuit electrode
as described herein can include an electrically conductive metal laver {g.g., copper, gold
plated copper, silver, platinum, stainless steel, aluminum, or any suitable electrically
conductive biocompatible matsrial, for example, among other electricaily conductive
metals and/or alioys), an electrically insulative film (e.g., polyimide, polyester,
fluorocarpon, or any polymeric material, or any combinations thereof) bonded to the
electrically conductive metal laver, and an adhesive used to bond the electrically
conductive metal layer o the electrically insulative film.

[0367] In one exampie, the flexible circuit elscirode 100 comprises an acrylic-based
copper clad laminate known under the frade name Pyralux LF9250 supplied by DuPont,
the copper clad laminaie comprising a coverlay, a bondply, and a sheet adhssive. A
covariay is a matarial laminated {0 the ouiside layers of the flexible circu {0 insulats the
copper conductor and g bondply is an unreinforced, thermoset based thin film available
in various thicknesses adhsesive system intended for use in high performance, high
retiability multi-layer flexible circuit constructions. In one aspect, the components of ths
flexible circuit electrode 100 may comprise a copper layer having & thickness of
~0.00287, a polyimide film layer having a thickness of ~0.0057, and an adhesive layer
having a thickness of ~0.001” for a total thickness of ~0.0088". In another example, the
fiexible circuit eleclrode 100 comprises an acrylic-based coppsr clad laminate known
under the trads name Pyralux LF8230 supplied by DuPont, the copper clad laminate
comprising a coverlay, a bondply, and a sheet adhssive. In one aspect, the componenis
of the flexible circuit electrode 100 may comprise a copper layer having a thickness of
~0.0028”, a polyimide film iayer having a thickness of ~0.003”, and an adhesive layer
having a thicknass of ~0.0071” for a total thickness of ~0.0068". It will be apprecialed that
the thicknesses of the individual layers ad the {otal thickness may vary based on ths

particular implementation details.
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. FLEXIBLE CIRCUIT ELECTRODE INCLUDING DIELECTRIC ANDJOR
NONSTICK AND/OR ANNULAR ELEMENTS

Flexible Circuit Electrode Including Electrically Conduciive And Insulative Elements

[0368] FIGS. 10-17 illustrate a flexible circuit electrode 200 comprising at least ong
slgcirically conductive element 204 and at least one electrically insulative slement 206,
according to one aspect of the present disclosure. The at least one electrically insulative
element 206 may be configured to establish a desired gap belween electrodes in bipolar
eisctrosurgical instruments, {o prevent the electrodes from shorting, to prevent tissue
from sticking to the element, and/or {o assist tissue grasping.

[0368] FIG. 10 is a perspective view of the elscirically conductive side of a flaxible
circuit electrode 200 comprising at least one electrically conductive element 204 and at
least one electrically insulative element 206, according to one aspect of the present
disclosure. in one aspect, a plurality of glectrically insulative elements 206 may be
disposed on the slectrically conductive element 204. In ons aspect, sach of the
electrically insulative elements 206 comprises an annular wall 216 formed on the lissue
contacting surface of the elecirically conductive element 204 and defines a cavity 218
within the annular wall 216. FIG. 11 is a perspective view of the flexible circuit electrode
200 shown in FIG. 10 showing the electrically insulative element 210 sids of the flexible
circuit electrode 200, according 1o one aspect of the present disclosure. In ons aspect,
the annular wall 216 and cavily 218 geomelry of the electrically insulative elements 206
provide nonstick properties to prevent or minimize tissue sticking to thereto.

[0370] FIG. 12 is a plan view of the electrically conductive glement 204 side of the
flexible circuit electrode 200 shown in FIG. 10, according io one aspsct of the present
disclosure. FIG. 13 is a plan view of the slectrically insulative slement 210 side of the
flexible circuit electrode 200 shown in FIG. 10, according to one aspect of the present
disclosure.

[0371] FIG. 14 is a side elevation view of the flexibie circuit electrode 200 shown in
FIz. 10, according to one aspect of the present disclosure. FIG. 15 is an slevation view
of the flexible circuit electrode 200 shown in FIG. 10 faken from a3 distal end 212,
according to one aspect of the present disclosure. FIG. 16 is an elevation view of the
fiexible circuit elecirode 200 shown in FIG. 10 taken from a proximal end 214, according
to one aspect of the present disclosure. FIG. 17 is a detail view of the flexible circuit

slscirode 200 shown in FIG. 10, according to one aspect of the present disciosure.
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[0372] With reference now o FIGS. 10-17, ths elecirode 200 can be attached sither
to the upper jaw member, the lower jaw member, or both, of a clamp jaw assembly of
the slectrosurgical instrument. The electrode 200 comprises a lead 202 for connecting
the electrode 200 o an energy source, such, for example, a radio frequency (RF)
generator that outputs enough power to seal tissue. The short iead 202 enables the
slgcirode 200 to be connected to the energy scurce near the distal end of the end
effector. A longer lead may be provided where it is desirable {0 connect the electrods
200 o an energy source at the handle portion of the electrosurgical device.

[0373] in one aspect, an electrically insulative layer 205 may be provided on the at
least one electrically conductive element 204 to prevent electrically shorling the jaw
member elscirodes when they are in a closed configuration. In another aspect, the
electrically insulative laver 205 defines at least one electrically insulative element 206 to
establish a predetermined gap between the jaw electrodes of a bipolar elecirosurgical
instrumsnt. In yet another aspect, the slectrically insulative layer 205 may be configured
as an electrically insulative cover that further defines the slectrically conductive slement
204 and can act as a spacer. The slectrically insulative glement 206 may be defined by
the electrically insulative layer 205 and can be configured as an slectrically insulative
barrier between the jaw electrodes, provide a predetermined gap between the jaw
eiscirodes, and/or assist tissue grasping between the jaw electrodes. in one aspect, the
electrically insulative elemenis 206 may comprise a nonstick coating or may be formed
of a nonstick material such as TEFLON to prevent tissue from sticking thersto. In one
aspect, the electrically insulative elements 208 may be formed of a dielectric material.
[0374] in one aspect, the electrically insulative laver 205 may be formed by bonding a
dislectric cover film on the electrically conductive element 204. In one aspect, the
electrically insulative elemenis 2086 may be formed by eiching the dislsciric cover film
bonded to the tissue contaciing surface of the elscirically conductive element 204, In
one aspect, at least one of the elecirically insulative elements 206 may be configured as
a spacer to provide a predetermined gap between upper and lower slectrodes.

[0375] The elecirically conductive slement 204 comprises electrically conductive
material such as copper, gold plated copper, silver, platinum, stainless steel, aluminum,
or any suitable electrically conductive biocompatible material, for example. In one

aspect, the electrically insulative layer 205 further defines the at least one electrically
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conductive slement 204, One or more than one of the slectrically conductive elemanis
204 may be configured and arranged to define a conductive elecirode.

[03768] The flexible circuit electrode 200 defines a knife slot 208 that extends along a
length of the flexible circuit electrode 200. The knife portion of the electrosurgical
instrument 2 (FiG. 1A) is slidably movable within the knife slot 208 to cut the lissue after
it has been sealed using electrosurgical energy. Although generally speaking the knife
slot 208 is located along the lateral center of the flexible circuit electrode 200, this is not
necessarily always the case. Thus, in other aspects, the knife slot 208 may be offset
from the center io either side of the flexible circuit elecirode 200.

[0377] The electrically insulative element 210 of the flexible circuil elecirode 200 is
formead of electrically insulative material such as a polymer and more specifically can be
an slectrically insulative material {e.g., polyimide, polyester, flucrocarbon, or any
polymeric material, or any combinations thereof). The electrically insulative element 210
is generally attached to the lissue coniacting side of the upper or lower jaw members of
the clamp jaw assembly.

[0378] In one aspect, the slectrically insulative elements 2086 may compriss a
nonstick coating or may be formed of a nonstick material such as TEFLON. Any nonstick
material or nonstick surface finish may be suitable o prevent tissue from sticking io the
eisctrically conductive element 204 of the flexible circuit slectrode 200. As illustrated
maosi clearly in FIG. 17, dielectric nonstick annular elements 206 may be configured o
define a ring like or donut like structure. Such a structure, however, should be not be

construed as limiting the dieleciric nonstick annular elements 208 fo the disclosed form.

. SEGMENTED OFFSET FLEXIBLE CIRCUIT ELLECTRODE

End Effector Including Indspendently Energizable Flexible Circuil Electrodes Configured
To Provide Offset Current Paths

[0379] FIG. 18 illustrates an end effector 300 comprising four flexible circuit

slscirodes 302a, 302k, 3043, 304b that can be indepsndently energized and configured
to provide an offset current path 314, 318 according to one aspect of the present
disclosure. The end effector 300 comprises a clamp jaw assembly comprising an upper
jaw 310a and a lower jaw 310b. The lower jaw 310b is fixed and the upper jaw 310z is
pivotally movable relative o the lower jaw 310b from an open position to a clossd
position and vice versa. in other aspscis, the upper jaw may be fixed and the lower jaw

may be movable. In other aspects, both the upper and lower jaws may be movable,
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[0380] Two of the flexibls circuif electrodes 302a, 3043 are attached {o the upper jaw
310a and the other two flexible circuit elscirodes 302b, 304b are attached {0 the lower
jaw 310b. A first gap 312a is provided between the two upper jaw 310a electrodes 3023,
304a to electrically isolate them and provide two independent sections. Likewise, a
sscond gap 312k is provided bstween the two lower jaw 310a elecirodes 302ba, 3040 to
slscirically isolate them and provide two more independent ssctions. The four slectrodes
302a, 302b, 304a, 304b can be independently energized to create a first independent
offset current path 314 between the upper jaw 310a electrode 304a and the lower jaw
310b elscirode 302b. A second offset current path 318 is crealed betwsen the upper jaw
310a electrode 302a and the lower jaw 310b electrode 304b. Other current paths can be
created by indepandently energizing and grounding the four electrodes 302a, 302b,
304a, 304b.

[0381] The lower jaw 310b electrodes 302b, 304b include an slectrically insulative
layer 305 that defines at least one elecirically insulative element 306 (e.g., insulative
elements {o establish desired gaps between slectrodas in bipolar electrosurgical
instrumasnts, assist tissue gripping, and slectrically isolate the elscirodes). In one aspect,
multiple slectrically insulative elements 308 may be defined by the electrically insulative
layer 305 on the lower jaw 310b electrodes 302b, 304k may be configured as elements
as discussed previously hersin, which in one aspect may define an annular
configuration. The tissue contacis the electrodes 302b, 304D in between the electrically
insulative elemenis 306. Knife slots 308a is defined in the upper jaw 310a and electrods
304a and another knife slot 308b is defined in the lower jaw 310b and electrode 304b.
[0382] it wili be appreciated that is some aspects, only the upper jaw elecirodes can
be isolated or the lower jaw elecircdes can be isolated. Still in other aspects, the end
effector 300 may be fitted with the electrode 100 shown in FIGS. 5-8 or the elsctrode
200 shown in FIGS. 10-17, in which case neither the upper nor the lower jaw electrodes
include an isolation gap.

[0383] In one aspect, an slectrically insulative layer 305 may be provided on at least
ong of the slectrodes 302a, 302b, 304a, 304b io prevent slectrically shorting the jaw
member electrodes 302a, 302b, 304a, 304b when they are in a closed configuration. In
another aspect, the electrically insulative layer 305 defines at least one electrically
insulative element 306 to establish a predetermined gap between the jaw slectrodes

302a, 302b, 304a, 3040 of the bipolar electrosurgical instrument. in yel another aspect,
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the slectrically insulative layver 305 may be configured as an electrically insulative cover
that further defines the electrodes 302a, 302b, 304a, 304b and can act as a spacer. The
electrically insulative slement 308 may be dafined by the elecirically insulative layer 305
and can be configured as an electrically insulative barrier between the jaw slectrodes,
provide a predetermined gap between the jaw eiecirodes, and/or assist lissue grasping
between the jaw elacirodes. In one aspect, the slectrically insulative elements 306 may
comprise a nonstick coating or may be formed of a nonstick material such as TEFLON to
prevent tissue from sticking thereto. In one aspect, the electrically insulative element
may be formed of a dielectric material.

[0384] In one aspect, the electrically insulative layver 305 may be formed by bonding a
dislectric cover film on the electrically conductive elementis 304a, 304b. In one aspect,
the electrically insulative elements 306 may be formed by etching the diglectric cover
film bonded to the tissue contacting surface of the electrically conductive elements 3044,
304b. In one aspect, at least one of the electrically insulative elements 308 may be
configured as a spacer to provide a predstermined gap bstwesan upper and lower
elecirodes.

[0385] The slectrodes 302a, 302b, 3043, 304b comprise electrically conductive
material such as copper, gold plated copper, silver, platinum, stainless steel, aluminum,
or any suitable electrically conductive bioccompatible material, for example. One or more
than one of the slectrically conductive electrodes 302a, 302b, 304a, 304b may be
configured and arranged to define a conductive electrode.

[0386] FIG. 19 ilusirates the end effector 300 shown in FIG. 18 comprising four
fiexible circuit electrodss 302a, 302b, 304a, 304b that can be independently energized
and configured to provide a first and second direct current path 318, 320, according to
one aspect of the present disclosure. In the example illustrate din FIG. 19, the slectrodes
302a, 302b, 304a, 304b are configured to set up a first direct current path 318 belween
the upper elecirode 302a and the lower electrode 302b and a second current path 320
betwsen the upper electrode 304a and the lower electrods 304b. Knife slots 308a is
defined in the upper jaw 310a and electrods 304a and another knife siot 308k is dafined
in the lower jaw 310b and slectrode 304b.

[0387] With reference now to FIGS. 18 and 19, with the flexible circuit technology the
segmented elecirodes 302a, 302b, 304a, 304b can be cost effectively manufactured to

provide conirol over independent sections of the electrodes 302a, 302b, 304a, 304b.
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This technigue provides offset electrode functionalily and tissus impedance sensing per
saction of the jaw with subssguent tailored control of the power applied {0 that section of
fissue. The elecirodes 302a, 302b, 304a, 304b can be cost effectively manufaciured and
provide multiple isolated zones independently controlied.

[0388] FIGS. 20-26 ilustrate a segmented offset flexibls circuit elecirode 400,
according to one aspect of the present disclosure. The ssgmanted offset flexible circuit
electrode 400 is configured o be altached to the end effector 300 shown in FIGS. 18
and 19. The electrode 400 can be attached either to the upper jaw member, the lower
jaw member, or both, of a clamp jaw assembly of the electrosurgical instrument.

[0389] FIiG. 20 is a perspsactive view of the electrically conductive elements 404 sids
of a segmentad offset flexible circuit electrode 400 comprising two slectrode segments
404a, 404b of the electrically conduciive element 404, according to one aspect of the
present disclosure. The two elecirode segments 404a, 404b are eleclrically isolated from
each other. FIG. 21 is a perspective view of the electrically insulative glement 410 side
of the segmented offset flexible circuit electrode 400 shown in FIG. 20, according to one
aspect of the present disclosure.

[0390] FIG. 22 is a plan view of the electrically conductive element 404 side of the
segmented offset flexible circuit electrode 400 shown in FIG. 20, according to one
aspect of the present disclosure. FIG. 23 illustrates a plan view of the electrically
insuiative glemeant 410 side of the segmeanted offsel flexibls circuit elscirode 400 shown
in FIG. 20, according to one aspect of the present disclosure.

[0391] FIG. 24 is a side elevation view of the segmented offset flexible circuit
electrode 400 shown in FIG. 20, according to one aspect of the present disclosure. FIG.
25 is an elevation view of the segmented offset flexible circuit slectrode 400 shown in
FIG. 20 taken from a distal end 412, according to one aspect of the present disclosure.
FIG. 26 is an elevation view of the segmented offset flexible circuit elecirode 400 shown
in FIG. 20 taken from a proximal end 414, according o one aspect of the present
disclosure.

[0392] With reference now o FIGS. 20-28, the segmentsd offset flexible circuit
electrode 400 comprises a lead 402 for connecting the flexible circuit electrode 400 to an
energy source, such, for example, a radio frequency (RF) generator that outputs enough
power to seal tissue. The short lead 402 enables the electrode 400 to be connected to

the energy source near the distal end of the end sffector. A longer lead may be provided
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whare it is desirable to connect the slectrode 400 to an energy source at the handle
portion of the electrosurgical device.

[0393] The elecirode 400 can be attached either to the upper jaw member, the lower
jaw member, or both, of a clamp jaw assembly of the electrosurgical instrument, as
shown in FIGS. 18 and 19, for example. The slectrically conductive element 404
comprises two segments 404a, 404b. A gap 416 is provided bstween the segmenis
404a, 404b elsctrically isolated them from each other. The electrode 400 further
comprises a knife slot 408. The knife portion of the electrosurgical instrument 2 (FIG. 1A)
is slidably movable within the knife siot 408 to cut the lissue after it has been sealed
using electrosurgical energy.

[0394] In one aspect, an electrically insulative laver 405 may be provided on the at
least one elecirically conductive elements 404a, 404b {0 prevent electrically shorting the
jaw member electrodes when they are in a closed configuration. In another aspect, the
elsctrically insulative layer 405 defines at least one electrically insulative element 406 to
establish a predetermined gap between the jaw elecirodes of a bipolar electrosurgical
instrumant. In vet ancther aspect, the slectrically insulative layer 405 may be configured
as an elecirically insulative cover that further defines the electrically conductive slements
4044, 404b and can act as a spacer. The electrically insulative element 406 may be
defined by the electrically insulative layer 405 and can be configured as an eilsclrically
insuiative barrier between ths jaw elecirodes, provide a predetermined gap between the
jaw electrodes, and/or assist tissue grasping between the jaw eleclrodes. In one aspect,
the electrically insulative elements 406 may comprise a nonstick coating or may be
formed of a nonstick material such as TEFLON to prevent lissue from sticking thereto. In
one aspect, the electrically insulative elements 406 may be formed of a dielectric
material.

[0395] In one aspect, the electrically insulative laver 405 may be formed by bonding a
dielectric cover film on the electrically conductive element 404, In one aspect, the
electrically insulative elemenis 406 may be formed by efching the dieisclric cover film
bonded {0 the electrically conductive glement 404, In one aspect, at least ons of the
electrically insulative elements 406 is configured as a spacer to provide a predetermined
gap between upper and lower electrodes.

[0396] The electrically conductive elements 404z, 404b comprise electrically

conductive material such as copper, gold plated copper, silver, platinum, stainless steel,
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aluminum, or any suitable electrically conductive biocompatible material, for example.
One or more than one of the elscirically conductive elements 404 may be configursd
and arranged to define a conductive electrode.

[0397] The flexible circuit electrode 400 defines a knife slot 408 that extends along a
length of the electrode 400, Although generally speaking the knife siot 408 is laterally
centered, this is not necessarily always the case, and in other aspects, the knife slot 408
may be laterally offset from center.

[0398] The elecirically insulative element 410 of the flexible circuit electrode 400 is
formed of elecirically insulative material such as a polymer and more specificaily can be
an electrically insulative material {e.g., pelyimide, polyester, fluorccarbon, or any
polymeric matenial, or any combinations thersof). The slectrically insulative slement 410
is generally attached 1o the tissue contacling side of the upper or lower jaw members of

the clamp jaw assembly.

V. FLEXIBLE CIRCUIT ELECTRODE INCLUDING ELECTRICALLY INSULATIVE
ELEMENTS

A. Flexible Circuit Electrode Including Electrically insulative elements

[0399] FIGS. 27-33 illusirate a flexible circuil slectrode 500 comprising elecirically
insuiative glemeants 506 (s.¢., insulative slements to establish desired gaps betwsen
electrodes in bipolar electrosurgical instruments), according {0 one aspect of the present
disclosure.

[0400] FIiG. 27 is a perspsaclive view of a flexible circuit electrode 500 comprising an
array of electrically insulative elemenis 506 showing the electrically conductive element
504 side, according to one aspsct of the present disclosure. FIG. 28 is a perspsactive
view of the slectrically insulative element 510 side of the flexible circuit electrode 500
shown in FIG. 27, according to one aspect of the present disclosurs.

[0401] FIG. 29 is a plan view of the electrically conductive glement 504 side of the
flexible circuit electrode 500 shown in FIG. 27, according io one aspsct of the present
disclosure. FIG. 30 is a plan view of the slectrically insulative element 510 side of the
fiexible circuit electrode 500 shown in FIG. 27, according to one aspect of the present
disclosure.

[0402] FIG. 31 is a side elevation view of the flexibie circuit electrode 500 shown in
FIz. 27, according to one aspect of the present disclosure. FIG. 32 is an slevation view

of the flexible circuit electrode 500 shown in FIG. 27 taken from a3 distal end 512,
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according to one aspect of the present disclosure. FIG. 33 is an elavation view of the
flexible circuit electrods 500 shown in FIG. 27 taken from a proximal end 514, according
io one aspect of the present disclosure.

[0403]  With reference now to FIGS. 27-33, the electrode 500 can be attached either
to the upper jaw member, the lower jaw member, or both, of a clamp jaw assembly of
the slectrosurgical instrument.

[0404] The slectrode 500 comprises a lead 502 for connecting the elecirode 500 io
an energy source, such, for example, a radio frequency (RF) generator that outputis
encugh power to seal tissus. The short lead 502 enables the electrode 500 to bs
connected to the energy source near the distal end of the end effector. A longer lead
may be provided where it is desirable to connect the electrode 500 {0 an energy source
at the handle portion of the electrosurgical device.

[0405] In one aspect, an electrically insulative layer 505 may be provided on the at
least one electrically conductive element 504 to prevent slectrically shorting the jaw
member glectrodes when thay are in a closed configuration. In another aspect, the
siscirically insulative layer 505 defines at least one electrically insulative element 5306 (o
astablish a predeiermined gap between the jaw elecirodes of a bipolar electrosurgical
instrument. In yet another aspect, the electrically insulative layer 505 may be configured
as an electrically insulative cover that further defines the elsciricaily conductive element
504 and can act as a spacsr. The electrically insulative element 508 may be defined by
the electrically insulative laver 505 and can be confiqured as an elecirically insulative
barrier between the jaw slectrodes, provide a predetermined gap between the jaw
electrodes, and/or assist tissue grasping between the jaw electrodes. In one aspect, the
elsctrically insulative slements 506 may comprise a nonslick coating or may bs formed
of 2 nonstick malerial such as TEFLON o prevent tissue from sticking thereto. in one
aspect, the electrically insulative elements 506 may be formed of a dielsctric material.
[0406] In one aspect, the eleclrically insulative layer 505 may be formed by bonding a
dielectric cover film on the siectrically conductive eiement 504. In ong aspect, the
slscirically insulative slemsants 506 may be formed by etching the dielectric covar film
bonded fo the electrically conductive element 504, In one aspect, at least one of the
electrically insulative elements 506 may be configured as a spacer to provide a

predetermined gap between upper and lower slectrodes.
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[0407] The elecirically conductive slement 504 comprises electrically conductive
material such as copper, gold plated copper, silver, platinum, stainless steel, aluminum,
or any suitable elecirically conductive biccompatible material, for example. One or more
than one of the electrically conductive slements 504 may be configured and arranged to
define a conductive electrode.

[0408] As shown in FIGE. 27 and 31, the array of elecirically insulative slements 508
may be provided on a distal portion of the electrode 500, Nevertheless, the array of
electrically insulative elements 506 can be provided along the full length of the
conductive element 504 side of the electrode 500,

[0409] The flexible circuit electrode 500 defines a knife slot 508 that extends along a
lzngth of the flexible circuit slectrode 500. Although generally speaking the knife slot 508
is located along the lateral center of the flexible circuit electrode 500, this is not
necessarily always the case. Thus, in other aspects, the knife slot 508 may be offset
from the center o gither side of the flexible circuit electrode 500. The knife portion of the
electrosurgical instrument 2 (FIG. 1A) is slidably movable within the knife slot 508 to cut
the tissue afier it has been sealed using electrosurgical ensrgy.

[0410] The slectrically insulative element 510 of the flexible circuit electrode 500 is
formed of electrically insulative material such as a polymer and more specifically can be
an electrically insulative material (g.g., polyimide, polyester, flucrocarbon, or any
polymeric material, or any combinations thereof}). The electrically insulative elament 510
is generally attached to the lissue coniacting side of the upper or lower jaw members of

the clamp jaw assembly.

B. Integraied Flexible Circuit Elecirode Including Electrically insulative elements

[0411] FIGES. 34-35 illustrate an integrated flexible circuit electrode 600 comprising
electrically insulative elements 606 (e.q., insulalive elements to establish desired gaps
between electrodes in bipolar electrosurgical instruments), according to one aspect of
the present disclosure.

[0412] FIG. 34 is a perspective view of an intsgrated flexible circuit elecirode 800
comprising elscirically insulative slemsants 808 showing the slectrically conductive
element 604 side of the integrated flexible circuit electrode 800, according to one aspect

of the present disclosure. FIG. 35 is a section view of the integrated flexible circuit

52



WO 2017/146902 PCT/US2017/016919

slscirode 800 shown in FIG. 34 taken through one of the elscirically insulative slements
506, according to one aspect of the present disclosurs,

[0413] With reference now to FIGS. 34-35, the electrode 600 can be attached either
to the upper jaw member, the lower jaw member, or both, of a clamp jaw assembly of
the electrosurgical instrument. Attachment features 616 are provided on the eiscirode
800 to attach the elsctrode to the jaws of the end effecior.

[0414] The slectrode 800 comprises a lead 602 for connecting the elecirode 600 io
an energy source, such, for example, a radio frequency (RF) generator that outputis
encugh power to seal tissus. The short lead 802 enables the electrode 600 to bs
connected to the energy source near the distal end of the end effector. A longer lead
may be provided where it is desirable to connect the electrode 800 {0 an energy source
at the handle portion of the electrosurgical device.

[0415] The elecirode 800 also comprises an electrically conductive element 604 and
a knife slot 608. The electrically conductive element 604 of the flexible circuit elecirode
500 also includes one or more electrically insulative elsments 808 formed thereon {0
prevent the electrically conductive slemeant 804 from elscirically shorting when the jaw
members are in a closed configuration and to prevent tissue from sticking to the
electrically conductive element 604, The tissue contacts the electrically conductive
eiement 604 in between the elscirically insulative glements 606,

[0416] In one aspect, an slectrically insulative layer 805 may be provided on the at
lzast one electrically conductive element 604 io prevent electrically shorting the jaw
member electrodes when they are in a closed configuration. In another aspect, the
electrically insulative layer 805 defines at least one elecirically insulative slement 606 to
establish a predstermined gap between the jaw slectrodes of a bipolar electrosurgical
instrument. In yet ancther aspeact, the elsctrically insulative layer 805 may be configured
as an electrically insulative cover that further defines the electrically conductive element
604 and can act as a spacer. The electrically insulative elerment 606 may be defined by
the electrically insulative laver 605 and can be configured as an electrically insulative
barrisr between the jaw slectrodes, provide a predelermined gap between ths jaw
electrodes, and/or assist tissue grasping between the jaw electrodes. In one aspect, the
electrically insulative elements 606 may comprise a nonstick coating or may be formed
of a nonstick material such as TEFLON 1o prevent tissue from sticking thereto. In one

aspect, the slectrically insulative elements 606 may be formed of a dielectric material.
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[0417] In one aspect, the slectrically insulative layer 805 may bs formed by bonding a
dielectric cover filim on the slectrically conductive slement 804, In ons aspect, the
electrically insulative elements 606 may be formed by etching the dielectric cover film
bonded fo the electrically conductive element 804, In one aspect, at least one of the
electrically insulative elemenis 606 may be configured as a spacer to provide a
predstermined gap betwesn upper and lower slectrodes.

[0418] The slectrically conductive element 604 comprises electrically conductive
material such as copper, gold plated copper, silver, platinum, stainless steel, aluminum,
or any suitable electrically conductive bioccompatible material, for example. One or more
than one of the elecirically conductive elements 604 may be configured and arranged to
define a conductive electrode.

[0419] The slectrically insulative element 610 of the flexible circuit electrode 800 is
formed of electrically insulative material such as a polymer and more specifically can be
an electrically insulative material (g.g., polyimide, polyester, flucrocarbon, or any
polymeric material, or any combinations thereof}). The electrically insulative elament 810
is generally attached to the issue coniacting side of the upper or lower jaw members of
the clamp jaw assembly.

[0420] The knife portion of the electrosurgical instrument 2 (FIG. 1A) is slidably
movable within the knife slot 608 to cut the tissue afier it has been sealed using
electrosurgical ensrgy. The knife slot 608 extends along a2 length of the flexible circuit
electrode 600, Although generally speaking the knife slot 808 is located along the lateral
center of the flexible circuit electrode 600, this is not necessarily always the case. Thus,
in other aspects, the knife slot 608 may be offset from the center to either sids of the
flexible circuit electrode 800.

[0421]  Still with reference {o FIGS. 35-38, utilizing flex circuit technology provides a
means to manufaciure the low cost elsctrode 800 assembly with control over the
geometry of the elements 806. Tissue sticking may be a function of the surface area of
the electrode 800. This manufaciuring method provides a high degres of control over
this variable. Thus, the low cost RF slectrode 600 provides superior sealing with
potentially less sticking.

[0422] The examples described in connection with FIGS. 36-40 illustrate various
geometric patterns or configurations of electrically insulative elements to insulate the

upper and lowser jaw from shorting, provide a predetermined gap between the upper and
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lower jaw, and/or assist tissue gripping. Pleass not that the upper and lower jaws could
both contain these patterns such that they offset from cne anocther.

[0423] FIG. 36 is a schematic diagram of an end effecior 720 comprising an upper
jaw 720a and a lower jaw 720b and flexible circuit electrodes 700a, 700b attached {0 the
corresponding upper and lower jaws 7203, 720b where the flexible circuit electrodes
700a, 700b comprise electrically insulative elemenis 706a, 706b (e.g., insulative
aelements {o establish desired gaps between slectrodes in bipolar electrosurgical
instruments), according to one aspect of the present disclosure. FIG. 37 is a plan view of
the flexible circuit slectrode 700a, 700b comprising a macro pattern of slectrically
insuiative elements 706a, 706b showing the tissue conlacting surfacs thereof, according
io oneg aspect of the present disclosure. FIG. 38 is a dstail view of the flexible circuit
electrode 700a, 700b shown in FIG. 37, according to one aspect of the present
disclosure.

[0424]  With reference o FIGS. 36-38, the end effector 720 comprises flexible circuit
electrodes 700a, 700b on the upper and lower jaws 720a, 720k, The flaxible circuit
slgcirodes 700a, 700k each comprises an electrically conductive element 704a, 7040
and a macro patiern of electrically insulative elements 706a, 706b formed on a surface
of the As shown in FIG. 37, one or both of the slectrically conductive elementis 7044,
704b.The tissue coniacts the conductive elements 704a, 704b betwesn the slectrically
insuiative glements 708a, 706b. As shown particularly in FIG. 38, electrically insulative
slements 7104, 710b are attached or bonded to the conductive slements 704a, 704b on
the side that is opposite side of the tissue confacting side.

[04258] In one aspect, electrically insulative layers 705a, 705b may be provided on the
least one electrically conductive elementis 704a, 704b to prevent electrically shorting the
jaw member glectrodss when they are in a closed configuration. In ancther aspect, the
electrically insulative layers 705a, 705b defines electrically insulative elements 706s,
706b to establish a predetermined gap between the jaws 720a, 720b of a bipolar
electrosurgical instrument. in yet another aspect, the slectrically insulative layers 705a,
705b may be configured as an electrically insulative cover that further defings the
electrically conductive elements 704a, 704b and can act as a spacer. The electrically
insulative elements 706a, 706b may be defined by the corresponding electrically
insulative layers 705a, 705b and can be configured as an slectrically insulative barrier

betwsen the jaw slectrodes, provide a predeterminad gap between the jaw electrodss,
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and/or assist tissue grasping batween the jaw elscirodes. In one aspect, the slectrically
insuiative glemeants 708a, 706b may comprise a nonstick coating or may be formed of a
nonstick material such as TEFLON to prevent lissue from sticking thereto. In one aspect,
the electrically insulative elements 706a, 706b may be formed of a dielectric material.
[0426] In one aspect, the electrically insulative lavers 705a, 705b may be formed by
bonding dieleciric cover films on the slectrically conductive elemenis 704a, 7040. In ons
aspect, the electrically insulative elements 708a, 708b may be formed by stching the
dielectric cover films bonded fo the electrically conductive elements 704a, 704b. In one
aspect, at least one of the slectrically conductive elements 704a, 704b may be
configured as a spacer 10 provide a predetermined gap between upper and lower
elecirodes.

[0427] The slectrically conductive elements 704a, 704b comprise electrically
conductive material such as copper, gold plated copper, silver, platinum, stainless steel,
atuminum, or any suitable electrically conductive biocompatible material, for example.
One or more than one of the elscirically conductive elements 704a, 704b may be
configured and arranged o define a conductive electrode.

[0428]  FIG. 39 illusirates a flexible circuit electrode 800 comprising a patlern of
electrically insulative elementis 806 (e.g., insulative elements to establish desired gaps
between electrodes in bipolar eleclrosurgical instruments), according to ong aspect of
the present disclosure. FIG. 40 is a detail view of the flaxible circuit slectrode 800 shown
in FIG. 39, according to one aspect of the present disclosure.

[0429] With reference now to FIGS. 39 and 40, the flexible electrode 800 comprises a
pattern of electrically insulative elemenis 806 formed on at least one electrically
conductive element 804. The paltern of electrically insulative elements 806 can be
uniform or substantially svenly disiribuied across the flaxible circuit electrods 800 and
comprises fen or more electrically insulative elemants 808, for example. An electrically
insulative element 810 is attached or bonded to the electrically conductive element 810
on the side that is opposite 1o the tissue contacling side. As shown particularly in FiG.
40, the electrically insulative elemenis 808 have a cylindrical lower portion and & dome-
like upper portion with a flat section thereon. The electrically insulative elements 806
have a diameter ranging from ~0.001” io ~0.002” and a height ranging from ~0.002” to

~0.0025”, for example.
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[0430] In one aspect, an electrically insulative laver 805 may be provided on the at
least one electrically conductive element 804 to prevent elactrically shorting the jaw
member electrodes when they are in a closed configuration. In another aspect, the
electrically insulative layer 805 defines at least one electrically insulative element 806 to
establish a predeterminad gap between the jaw electrodes of a bipolar elecirosurgical
instrumant. In vet ancther aspect, the slectrically insulative layer 805 may be configured
as an elecirically insulative cover that further defines the electrically conduciive element
804 and can act as a spacer. The electrically insulative element 808 may be defined by
the slectrically insulative layer 805 and can be configured as an electrically insulative
barrier bstween the jaw elecirodes, provide a predetermined gap between the jaw
slgcirodes, and/or assist tissue grasping belween the jaw elactrodes. In one aspect, the
electrically insulative elementis 806 may comprise a nonstick coating or may be formed
of a nonstick material such as TEFLON to prevent tissue from sticking thereto. In one
aspect, the electrically insulative elements 8086 may be formed of a dielsciric material.
[0431] In one aspect, the eleclrically insulative layer 805 may be formed by bonding a
dislectric cover film on the electrically conductive element 804, In one aspsct, the
electrically insulative elements 806 may be formed by eiching the dielsctric cover film
bonded to the elecirically conductive element 804. In one aspect, at least one of the
eisctrically insulative slemsnts 806 may be configured as a spacer to provide a
predetermined gap bebween upper and lower elecirodes.

[0432] The elecirically conductive element 804 comprises electrically conductive
material such as copper, gold plated copper, silver, platinum, stainless steel, aluminum,
or any suitable slectrically conductive biocompatible matenial, for example. Cne or more
than one of the electrically conductive slements 804 may be configured and arranged to

define a conductive electrode.

V. FLEXIBLE CIRCUIT ELECTRODE INCLUDING THERMAL ISOLATION AND
DISTAL ELECTRODE ELEMENT

A. End Effecior including Thermally Isolated Flexible Circuit Electrodes And Distal
Electrode Elemeant

[0433] FIG. 41 illustrates an end effector 830 comprising an upper jaw 920a and a
lower jaw 920k and flexible circuit electrodes 800a, B00b attached io the comresponding
upper and lower jaws 920a, 820b, and where the flexible circuit electrode 900b aftached

to the lower jaw 920b comprises a thermal isolation and a distal electrode element 922
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or element having a tongus configuration, according to one aspect of the present
disclosure. The upper and lower glectrode 800a, 300b comprises a knife slot 9083,
208b. The lower jaw 920b electrode 900b comprises a plurality of electrically insulative
elements 906 (e.q., insulative elements to establish desired gaps between electrodes in
bipolar electrosurgical instruments). Each of upper and lower jaw 920a, 920b electrodes
800a, 900b comprises a lead 802a, 902b to connect the electrodes 800a, 80Cb to an RF
energy source.

[0434] During use of RF electrosurgical instruments, the thermal mass of the jaws
can cause thermal imbalances of the heat flow from and inio the tissue. Employing
fiexible circuit technology, the flexible circuit electrode 900a, 900k can be applied to both
the upper and lower jaws 820a, 820b to thermally isolate the jaws 820a, 920b from the
electrically conductive elements 904a, 904b, which define the slectrode tissue sealing
surfaces, thus ensuring that more heat is applied to the tissue and not lost through
thermal conductivity in the jaws 920a, 920b. Examples of potential matenial for the
electrodes 900a, 800b include Pyralux LF8250 and Pyralux LF8238 both sold by
DuPonti.

[0435] In one aspect, an slectrically insulative layer 905 may be provided on the at
least one electrically conductive element 804b to prevent electrically shorting the
eisctrically conductive element 904a, 904b of the jaw membsr electrodes when they are
in a closed configuration. In another aspect, the slsctrically insulative layer 805 defines
al least one electrically insulative element 906 o establish a predetermined gap between
the jaw electrodes of a bipolar electrosurgical instrument. In yet another aspect, the
electrically insulative layer 905 may be configured as an electrically insulative cover that
further defines the slectrically conductive element 904 and can act as a spacer. The
electrically insulative element 808 may be defined by the slectrically insulative layer 305
and can be configured as an electrically insulative barmier between the jaw electrodes,
provide a predetermined gap between the jaw electrodes, and/or assist tissue grasping
betwsen the jaw slectrodes. in one aspect, the electrically insulative glement 906 may
comprise a nonstick coating or may be formed of a nonstick material such as TEFLON to
prevent tissue from sticking thereto.

[0436] The electrically conductive elements 904a, 904b each comprises electrically
conductive material such as copper, gold plated copper, silver, platinum, stainless steel,

aluminum, or any suitable electrically conductive biocompatible material, for example.
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One or mors than oneg of the electrically conductive slemsants 804a, 804b may be
configured and arranged to define a conductive slectrodes.

[0437] FIGS. 42-48 illustrate a flexible circuit elecirode 800b comprising a distal
electrode element 922 and electrically insulative elements 806, according to one aspect
of the present disclosure. FiG. 42 is a perspective view of a flexible circuit elscirode
800b comprising a distal electrode element 922 and electrically insulative elements 906
showing the elecirically conductive element 904b that defines the electrode tissus
sealing surface, according to one aspect of the present disclosure. FIG. 43 is a
perspective view of the electrically insulative slement 808 of the flexible circuit electrode
900b shown in FiG. 42, according to one aspect of the present disclosure.

[0438] FIG. 44 is a plan view of the electrically conductive element 304b sids of the
flexible circuit electrode 900b shown in FIG. 42, according 1o one aspect of the present
disclosure. FIG. 45 is a plan view of the electrically insulative element 810b of the
fiexible circuit elecirode 900b shown in FIG. 42, according to one aspsct of the present
disclosure.

[0438] FIG. 46 is a side elevation view of the flexible circuit electrode 9080 shown in
FIG. 42, according io one aspect of the present disclosure. FIG. 47 is an elevation view
of the flexible circuit electrode 900b shown in FIG. 42 taken from a distal end, according
to one aspect of the present disclosure. FIG. 48 is an glevation view of the flexibie circuit
electrode 8000L shown in FIG. 42 taken from a proximal end, according to one aspect of
the present disclosure.

[0440]  With reference now to FIGS. 42-48, the flexible circuit electrode 900b
comprises a lead 802b for connecting the electrode 900b o an energy sourcs, such, for
exampie, a radio frequency (RF) generator that outputs enough power {0 seal tissue.
The short lead 802b enables the elecitrode 900 {o be connacied {0 the energy source
near the distal end of the end effector. A longer lead may be provided where it is
desirable o connect the electrode 900b fo an energy source at the handle portion of the
electrosurgical device.

[0441] The electrode 900b can be attached sither to the uppsr jaw membsr, the
lower jaw member, or both, of a clamp jaw assembly of the electrasurgical instrument,
as shown in FIG. 41, for example. In one aspect, an electrically insulative layer 905 may
be provided on the at least one elsctrically conductive element 904 to prevent electrically

shorting the jaw member elgcirodes when they are in a closed configuration. in anocther
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aspect, the eleclrically insulative layer 805 defines at least one slectrically insulative
element 806 to establish a predstermined gap bstweaean the jaw slectrodes of a bipolar
electrosurgical instrument. In vet ancther aspect, the elecirically insulative layer 905 may
be configured as an electrically insulative cover that further defines the electrically
conductive element 804b and can act as a spacer. The slectrically insulative element
806 may be defined by the slectrically insulative layer B05 and can be configured as an
electrically insulative barrier between the jaw electrodes, provide a predetermined gap
between the jaw electrodes, and/or assist tissue grasping between the jaw elecirodes. In
one aspect, the electrically insulative element 906 may comprise a nonstick coating or
may be formed of a nonstick material such as TEFLON to prevent tissue from sticking
thereto. In one aspsct, the electrically insulative elements 806 may be formed of a
dielectric material.

[0442] In one aspect, the electrically insulative layer 805 may be formed by bonding a
dislectric cover film on the elecirically conductive element 904b. In one aspect, the
electrically insulative elemenis 806 may be formed by eiching the dielsciric cover film
bonded {0 the electrically conductive slement 804b. In one aspect, at leasi ong of the
electrically insulative elementis 906 may be configured as a spacer to provide a
predetermined gap between upper and lower electrodes.

[0443] The electricaliy conduclive slement 804b comprises the non-isolated distal
electrode element 922, The elscirically conductive element 804b comprises elacirically
conductive maiterial such as copper, gold plated copper, silver, platinum, stainless stesl,
aluminum, or any suitable elecirically conductive biocompatible material, for example.
One or more than one of the elsclrically conductive elements 904a, 904b may be
configured and arranged o define a conductive elecirode.

[0444] The flexible circuii slectrode S00b further comprises a knifg slot 808b. The
knife portion of the electrosurgical instrument 2 (FIG. 1A) is slidably movable within the
knife slot 908b to cut the tissue after it has been sealed using electrosurgical energy.
The flexible circuit electrode 9000 defines the knife slot 308b and extends along a length
of the electrods 800b. Although generally speaking the knife slot 808b is laterally
cantered, this is not necessarily always the cass, and in other aspects, the knife siot
908b may be laterally offset from center.

[0445] The electrically insulative element 910b of the flexible circuit electrode 900b is

formed of electrically insulative material such as a polymer and more specificaily can be
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an elecirically insulative material (g.g., polyimide, polyester, flucrocarbon, or any
polymeric material, or any combinations thereof). The electrically insulative element
210b is generally attached fo the lissue contacting side of the upper or lower jaw

members of the clamp jaw assembly.

B. End Effecior including A Flexible Circuit Elecirode Including Non-isolated Distal
Electrode Element And Eleclrically insulative slements

[0446] FIGS. 48-51 illusirate detail views of a lower jaw portion 920b of the end

effector 830 (FI1G. 41} comprising a flaxible circuit slectrods 8040 comprising & non-

isolated distal slectrode element 822 and elecirically insulative elements 808, according
to one aspect of the present disclosure.

[0447] FIG. 48 is a perspective view of a flexible circuit electrode 904b comprising a
non-isolated distal electrode element 922, electrically insulative elementis 806, and a
knife slot 8080 according to one aspect of the present disclosure. FIG. 50 is &
perspective view of the lower jaw 920b, according 1o one aspect of the present
disclosure. FIG. 51 is an elevation view of the lower jaw 920b of the end effector 830
shown in FIG. 49 taken from a distal end, according {0 one aspect of the present
disclosure. The distal end of the lowser jaw 920b comprises projections 924a, 924b on
either side of the non-isolated distal electrode slemeant 922, As previously described, in
one aspect, an electrically insulative layer 905 may be provided on the at leasi ons
electrically conductive element 904b to prevent electrically shorting the electrically
conductive element 804a, 904b of the jaw member electrodes when they ars in a closed
configuration.

[0448] FIG. 52 is a perspsaclive view of a lowsr jaw portion 1820b of an end effecior
comprising an isclated distal electrode element 1022, according to one aspect of the
present disclosure. A flexible circuit electrode assembly 1000 comprises a primary
electrode 1004 and a second electrode configured as an isolated distal electrode
slement 1022 at the distal end of the flexible circuit electrode assembly 1000, The distal
electrode element 1022 is elecirically and thermally isolated from the primary electrode
1004, which is employed as the main tissue sealing surface. An adhesive layer 1010 is
provided between the primary electrode 1004 and the lower jaw member 1020b. The
electrically insulative elements 1006 also are dispossd on the tissue conlacting surface
of the flexible circuit electrode assembly 1000, The electrically insulative elements 1008

are sized and configured o prevent electrical shorting of the upper electrode with the
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primary slectrode 1004 and to sst a predstermined gap between the upper and lowsr
jaw members 1020b (only the lower jaw member 10200 is shown for clarity of
disclosure). A gap 1024 is provided betwsaen the distal electrode element 1022 and the
primary electrode 1004 to thermally and electrically the distal electrode element 1022
and the primary electrode 1004, The distal end of the lower jaw 1020b comprises
projections 1026a, 1028b on either side of the isolated distal elecirode elemant 1022,
[0449] In one aspect, an slectrically insulative layer 1005 may be provided on the atl
least one electrically conductive element 1004 to prevent electrically shorting the
elsctrically conductive elements of the jaw member electrodes when they ars in a closed
configuration. in another aspect, the electrically insulative layer 1005 defines at least one
slscirically insulative slement 1008 to establish a predetermined gap bstween the jaw
electrodes of a bipolar elecirosurgical instrument. In vet another aspeci, the elecirically
insulative layer 1005 may be configured as an electrically insulative cover that further
defines the electrically conductive element 1004 and can act as a spacer. The
electrically insulative element 1006 may be defined by the slectiically insulative layer
1005 and can be configured as an elecirically insulative barrier betwsen the jaw
electrodes, provide a predetermined gap between the jaw elscirodes, and/or assist
tissue grasping between the jaw electrodes. In one aspect, the electrically insulative
eiements 1008 may comprise a nonstick coating or may be formed of a nonstick material
such as TEFLON to prevent tissue from sticking thereto. In one aspsct, the elsctrically
insulative elemenis 1008 may be formed of a dieleciric material.

[0450] In one aspect, the electrically insulative layer 1005 may be formed by bonding
a dielectric cover film on the elecirically conductive element 1004, in one aspect, the
eisctrically insulative slements 1006 may be formed by etching the dielectric cover film
bonded to the slectrically conductive elament 1004, In one aspect, at least one of the
electrically insulative elements 1006 may be configured as a spacer {o provide a
predetermined gap between upper and lower slectrodes.

[0451] The electrically conductive element 1004 each comprises electrically
conductive material such as coppsr, gold plated copper, silver, platinum, stainless stes],
aluminum, or any suilable electrically conductive biocompatible material, for example.
One or more than one of the electrically conductive elements 1004 may be configured

and arranged to define a conductive slectrode.
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VI, FLEXIBLE CIRCUIT ELECTRODES WiTH FLEXURE BEARING

A. Flexible Circuit Elecirode Including Upper And Lower Elecirodes Coupled By Lateral
Flexure Bearing

[0452] FIGS. 53-50 illusirate a flat flexible circuit electrode 1100 comprising an upper
giscirode 1100z and a lowsr electrode 1100b coupled by a flexure bearing 1128,
according to one aspact of the present disclosure. The flexure bearing 1128 connects
upper and lower flat flexible circuit slectrodes 1104a, 1104b that are spaced apart
laterally relative o the flexure bearing 1128,

[0453] FIG. 53 is a perspective view of the flal flexible circuit slectrode 1100
comprising an upper flat flexible circuit elsctrode 1104a and a lower fiat flexible circuit
electrode 1104b showing the slectrically conductive elements 1104a, 1104b side, which
define the electrodes tissue sealing surfaces, according to one aspect of the present
disclosure. FIG. 54 is a perspeciive view showing the electrically insulative element 1106
side of the upper and lower flat flexibie circuit eiscirodes 1104a, 1104b shown in FIG.
53, according to one aspect of the pressnt disclosure.

[0454] FIG. 55 is a plan visw of the electrically conductive slements 11043, 1104b
side of the upper and lower flat flexible circuit electrodes 1100a, 1100b shown in FIG.
53, according to one aspect of the present disclosure. FIG. 56 is a plan view of the
electrically insulative element side 1110a, 1110b of the upper and lower flat flexible
circuit electrodes 1100a, 1100b shown in FIG. 53, according to one aspect of the
present disclosure.

[0455] FIG. 57 is a side elevation view of the upper and lower flal flexible circuit
electrodes 1100a, 1100b shown in FIG. 53, according to one aspect of the present
disclosure. FIG. 58 is an elevation view of the upper and lower fiat flexible circuit
slscirodes 1100a, 1100b shown in FIG. 53 taken from a disial end, according to one
aspect of the present disclosure. FIG. 58 is an elevation view of the upper and lower flal
fiexible circuit electrodes shown in FIG. 53 faken from a proximal end, according to one
aspect of the present disclosure.

[0456]  With reference now to FIGS. 53-59, the flat flexible circuit slectrode 1100
comprises two separate slectrodas, an upper flat flexible slectrode 1100a and a lower
flat flexible electrode 1100b that are coupled by a flexure bearing 1128 connecting the
two electrodes 1100a, 1100b. In one aspect the flexure bearing 1128 may be a flexure
bearing. The flat flexible circuit electrode 1100 comprises a lead 1102 for connecting the

upper and lowsr elscirodes 1100a, 1100b o an energy source, such, for example, a
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radic frequency (RF) generator that oulputs enough power to seal tissue. The iong lead
1102 enables the upper and lower slectrodas 1108a, 1100b io bs connecied {o the
energy source at the handie portion of the eleclrosurgical device. A shorter longer lead
may be provided where it is desirable {o connect the elecirodes 1100a, 1100b to an
energy source near the distal end of the end effector.

[0457] The upper slectrode 1180a can be attached {o the upper jaw member and the
lower electrode 1100b can be attached {o the lower jaw member of a clamp jaw
assembly of the electrosurgical instrument, for example. The upper electrode 1100a
comprises an electricaily conductive slement 1104a that includes electrically insulative
elements 1106a {e.g., insulative rings {o establish desired gaps betwesn elscirodes in
bipolar slectrosurgical instruments) and the lower electrode 1100k comprises an
electrically conductive element 1104b that includes electrically insulative elemenis or
1106b provided thereon. The electrically insulative elements 1108a, 1106b prevent the
eisctrically conductive elements 1104a, 1104b from electrically shorting when the jaw
members are in a closed configuration. The slectrically insulative slements 1108a,
1108b may bs made of a dielectric nonstick material. The electrically conductive
elements 1104a, 1104b comprise electrically conductive materials such as copper, gold
plated copper, silver, platinum, stainless steel, aluminum, or any suitable electrically
conductive biocompatible matsrial, for example.

[0458] Each of the upper and lower flai flexible circuit slectrodes 1100a, 1100b
further comprise knife slots 1108a, 1108b. The knife portion of the eleclrosurgical
instrument 2 (FIG. 1A) is slidably movable within the knife slots 1108a, 1108b to cut the
tissue after it has been sealed using electrosurgical energy. The flat flexible circuit
eisctrodes 1100a, 11000 each define a knife slot 1108a, 1108b and extends along a
lengih of the electrode 1100, Although generally speaking the knifs slots 1108a, 1108k
are laterally centered, this is not necessarily always the case, and in other aspecis, the
knife slois 1108a, 1108b may be laterally offset from cenier.

[0459] The electrically insulative slements 1106a, 1106b of the flexibie circuit
slscirode 1100a, 1100b are formed of elactrically insulative materials such as a polymsr
and more specifically can be an electrically insulative material (e.g., polyimide, polyester,
fiuorocarbon, or any polymeric material, or any combinations thereof). The electrically
insulative elements 1106a, 1106b are generally altached {o the tissue contacting side of

the upper or lower jaw members of the clamp jaw assembly.
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[0460] In one aspect, slectrically insulative layers 1105a, 1105b may be provided on
the electrically conductive elements 1104a, 1104b to prevent electrically shorting the
electrically conductive element 1104a, 1104b of the jaw member electrodes when they
are in a closed configuration. In another aspect, the electrically insulative layers 11053,
1105b define the electrically insulative elements 1106a, 1106h to establish a
predstermined gap betwesan the jaw electrodes of a bipolar electrosurgical instrument. In
vet another aspect, the electrically insulative layers 11053, 1105b may be configured as
an electrically insulative cover that further defines the electrically conductive elements
1104a, 1104b and can act as a spacer. The eleciricaily insuiative element 906 may be
defined by the eiscirically insulative layers 1105a, 1105b and can be configured as an
siscirically insulative barrier between the jaw electrodes, provide a predetermined gap
betwaen the jaw electrodes, and/or assist tissue grasping between the jaw elactrodes. In
one aspect, the electrically insulative slements 1106a, 1106b may comprise a nonstick
coating or may be formed of a nonstick material such as TEFLON {o prevent tissue from
sticking tharato. in one aspect, the elscirically insulative slemeants 11068a, 1108b may be
formed of a dielectric material.

[0461] In one aspect, the electrically insulative layer 1105 may be formed by bonding
a dielectric cover film on the electrically conductive element 1104, In one aspect, the
elsctrically insulative slements 1106a, 1106b may be formed by eiching the diglectric
cover film bonded {o the slectrcally conductive slement 1104, In one aspect, at least
one of the slectrically insulative elements 1108a, 1108b may be configured as a spacer
to provide a predetermined gap between upper and lower elecirodes.

[0462] The electrically conductive elements 1104a, 1104k each comprises electrically
conductive material such as copper, gold plated copper, silver, platinum, stainless steel,
aluminum, or any suitable electrically conductive biocompatible material, for example.
One or more than one of the electrically conductive slements 1104a, 1104b may be

configured and arranged to define a conductive electrode.

B. Flexible Circuit Elecirode Including Upper And Lower Electrodes Coupled By
Longiludinal Flexure Bearing

[0463] FIGS. 60-66 iilusirate a flexible circuit slectrode 1200 comprising a flexurs
bearing 1228, according to one aspect of the present disclosure. The flexure bearing
1128 connecis upper and lower flat flexible circuii slectrodes 1200a, 1200bthat are

spaced apart longitudinally relative to the flexure bearing 1228,
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[0464] FIG. 80 is a perspective view of a flaxible circuit slectrode 1200 comprising
upper and lowsr elscirodes 1200a, 1200b couplad by a flexure baaring 1228 in an open
configuration, according to one aspect of the present disclosure. FIG. 61 is another
perspective view of the flexible circuit electrode 1200 shown in FIG. 60, according to one
aspect of the present disclosure.

[0465] FIG. 62 is a plan view of the flexible circuil elsctrode 1280 shown in FIG. 80,
according to one aspsct of the present disclosure. FIG. 63 is a plan view of the flexible
circuit electrode 1200 shown in FIG. 60, according to one aspect of the present
disclosure.

[0466] FiG. 64 is a side slevation view of the flexible circuit elecirode 1280 shown in
FI. 80, according to one aspect of the present disclosure. FIG. 65 is an slevation view
of the flexible circuit electrode 1200 shown in FIG. 80 taken from a distal end 1212,
according to one aspect of the present disclosure. FIG. 66 is an elevation view of the
fiexible circuit elecirode 1200 shown in FIG. 80 taken from a proximal end 1214,
according to one aspsci of the present disclosure.

[0467]  With reference now io FIGS. 80-68 the flexible circuit slectrode 1200
comprises two separate electrodes, an upper flexible electrode 1200a and a lower
fiexible electrode 1200b that are coupled by a flexure bearing 1228 connecting the two
eisctrodes 1200a, 1200b. The flexible circuit electrode 1200 comprises a lead 1202 for
connecting the upper and lowsr elecirodes 1200a, 1200b to an energy source, such, for
example, a radio frequency (RF) generalor that oulputs enough power to seal tissue.
The long lead 1202 enables the upper and lower elecirodes 1200a, 1200b to be
connected to the energy source at the handle portion of the electrosurgical devics. A
shorter longer lead may be provided where it is desirable to connect the elecirodes
1200a, 1200b {0 an ensrgy sourcs near the distal end of the end effector.

[0468] The upper electrode 1200a can be attached {o the upper jaw member and the
lower electrode 1200b can be attached {0 the lower jaw member of a clamp jaw
assembily of the electrosurgical instrument, for example. The upper electrode 1200a
comprises an electrically conductive slement 120443 that includes electrically insulative
elements 1208a {e.g., insulative rings to establish desired gaps betwsen electrodes in
bipolar electrosurgical instruments) and the lower electrode 1200b comprises an
electrically conductive element 1204b that includes electrically insulative elements

1206b provided thereon. The electrically insulative elements 1208a, 1206b prevent the
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siscirically conductive elements 1204a, 1204b from slectrically shorting when the jaw
members are in a closed configuration. The slectrically insulative slements 1206a,
1208b may be made of a dielectric material, which may be coated with a nonstick
material such as TEFLON. The electrically conductive elements 1204a, 1204b comprise
electrically conductive materials such as copper, gold plated copper, silver, platinum,
stainless sieel, aluminum, or any suitable electrically conductive biscompatible material,
for example.

[0469] Each of the upper and lower flexible circuit electrodes 1200a, 1200b further
comprise knife siots 1208a, 1208b. The knife portion of the elecirosurgical instrument 2
(FIG. 1A) is slidably movable within the knife sliots 1208a, 1208b {o cut the tissue after it
has been ssaled using slectrosurgical energy. The flat flexible circuit electrodes 12003,
1200b each dsfine a knife slot 1208a, 1208b and extends along a length of the electrods
1200. Although generally speaking the knife slots 1208a, 1208b are laterally centered,
this is not necessarily always the case, and in other aspects, the knife slois 12084,
1208b may be laterally offset from centsr.

[0470] The electrically insulative elaments 1206a, 1206k of the flexibie circuit
electrode 1200a, 1200b are formed of electrically insulative materials such as a polymer
and more specifically can be an electrically insulative material (e.g., polyimide, polyester,
fiuorocarbon, or any polymeric material, or any combinations thereof). The electrically
insuiative glemeants 1206z, 1208b are generally aftached {o the Hissue contacting side of
the upper or lower jaw members of the clamp jaw assembly.

[0471] The flexible circuit electrode 1200 utilizes the flexible nature of the flexible-
circuit electrode manufacturing technology to incorporate a variety of lead lengths and
active/passive components in the electrode circuil. Exploiting the flexibility of
configuration and polential cost savings of utilizing flexible circuits for bipolar electrodes
1200a, 1200b.

[0472] The flexible circuit electrode 1200 can be configured in a variety of ways. In
one aspect, the length of the lead 1202 can be short, i.e., near the flexure bearing 1228
connecting the upper and lower slectrodas 1200a, 1200b and enabling replaceabls
electrodes 1200a, 1200b and/or jaws. The length of the lead 1202 can be long, moving
the termination point to the handle assembly of the electrosurgical instrument, reducing

part count, electrical connection points, and enabling the inclusion of additional active
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components such as switches, EEPROM, stc. intimatsly associated with the upper and
lower slectrodes 1200a, 1200b.

[0473] In one aspect, an elecirically insulative layers 12053, 1205b may be provided
on the electrically conductive elements 1204a, 1204b o prevent electrically shorting the
electrically conductive elemsnts of the jaw member electrodes when they are in a closed
configuration. In another aspedct, the slectrically insulative layers 1205a, 1205k define
electrically insulative elemenis 1206a, 1206b to establish a predetermined gap between
the jaw electrodes of a bipolar electrosurgical instrument. In yet another aspect, the
elsctrically insulative layers 1205a, 1205b may be configured as an electrically insulative
cover that further defines the elscirically conductive elements 1204a, 1204b and can act
as a spacer. The slectrically insulative slemeants 12062, 1208b may be defined by the
electrically insulative lavers 1205a, 1205b and can be configured as an electrically
insulative barrier between the jaw electrodes, provide a predetermined gap between the
jaw electrodes, and/or assist tissue grasping between the jaw electrodss. In one aspsct,
the eleclrically insulative elemeants 1208a, 12060 may compriss a nonstick coating or
may be formed of a nonstick material such as TEFLON {o pravent tissue from sticking
thereto. In oneg aspect, the eleclrically insulative elemeants 1208a, 1206b may be formed
of a dielectric material

[0474] In one aspect, the slectrically insulative layers 1205a, 1205b may be formed
by bonding a diglectric cover film on the elecirically conductive element 1204, In one
aspect, the elecirically insulative elements 12063, 12060 may be formed by eiching the
dielectric cover film bonded to the electrically conductive element 1204, In one aspect, at
least one of the eiecirically insulalive slements 1206a, 1206b may bs configured as a
spacer 1o provide a predeiermined gap bstween upper and lower slectrodes.

[0475] The slectrically conductive elements 1204a, 12040 each comprises slectrically
conductive maiterial such as copper, gold plated copper, silver, platinum, stainless steel,
aluminum, or any suitable elecirically conductive biocompatible material, for example.
One or more than one of the elsclrically conductive elements 1204a, 1204b may be

configured and arranged o define a conductive electrode.

Vil VACUUM FORMED FLEXIBLE CIRCUIT ELECTRODES
[0476] FIGS. 67-69 illustrate a vacuum formed flexible circuit elecirode 1300,

according to one aspect of the present disclosure. FIG. 67 is a perspective view of an
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and effector 1330 comprising a vacuum formed flexible circuit elscirode 1300, according
to one aspect of the present disclosure. The end sffector 1330 comprises an upper jaw
1320a and a lower jaw 1320b. The upper and lower jaws 1320a, 1320b each may
comprise vacuum formed flexible circuit electrode 1300. The end effector 1330
comprises a knife siot 1308. The upper jaw 1320a is movabie from an open position {o a
closed position and vice-versa relative {o the lower jaw 1320b.

[0477] FIG. 68 is a vacuum formed flexible circuit electrode 1300 disposed over a
insert molded support 1312 or jaw 1320b, according to one aspect that can be inserted
in an injgction molding tool, according to one aspect of the present disclosure. FiG. 68 is
another view of the vacuum formed flexible circuit elecirode 1300 shown in FIG. 68,
according to one aspect of the present disclosure. The vacuum formed flexible slectrods
1300 comprises an electrical conductive element 1304 disposed over a flexible circuit
substrate 1306 which is placed over an insert molded support 1312 or the jaw 1320b.
[0478] In one process, the vacuum formed flexible circuit electrode 1300 can be
incorporated with the lower jaw 13200, or the upper jaw 1320a (FIG. 67). First, the
flexible circuit 1300 is vacuum formed to craate a desirsd profils. That profile is then
placed in an injection molding tool to create a substrate io support that shape. The
fiexible circuit electrode 1300 is then trimmed and the assembly is bonded {0 a jaw
1320a, 13200 by an adhesive, a second overmold step, or some other techniqus. A first
manufacturing process can be carred out in accordance with the following steps:

[0479] Step 1 -~ vacuum form flexible circuit to create a desired profile;

[0480] Siep 2 - place profile in an injection molding tool {0 create a substraie to
support that shape;

[0481] Step 3 - Trim the fisxible circuit;

[0482] Stsp 4 - Bond the flexible circuit to a jaw with adhssive, second overmold, or
other technique.

[0483] In anocther process, the vacuum formed flexible circuit electrode 1300 is
vacuum formed, trimimed, and then adhered directly to the lowsr jaw 1320b, or the uppsr
jaw 1320a (FIG. 87), of the end effector 1330 (FIG. 67) jaw assembly, via adhesive,
insert molding, or some other technique. In this aspect, the jaw 1320a, 1320b would
have a complimentary profile {6 support the fle1310xible circuit elecirode 1310 profile. A
second manufacturing process can be carried out in accordance with the following steps:

[0484] Step 1 - vacuum form the flexible circuit;
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[0485] Siep 2 - trim the flexible circuit;
[04868] Step 3 - Adhere the flexible circuit directly io the jaw with adhesive, insert

mold, or other fechnique.

Vill. COMPARISON OF THIN FLEXIBLE CIRCUIT ELECTRODES AND THICK
CONVENTIONAL ELECTRODES

[0487] FIGS. 70-72 illusirate a comparison of a thin, copper flexible circuit electrode
1400 and a conventional stainiess steel electrode 1430 from the standpoint of ssif-
heating, according to one aspect of the present disclosure.

[0488] FIG. 70 illustrates a flexible circuit slectrode 1400, according {o one aspect of
the present disclosure. The flexible circuit electrode 1404 comprises a lead 1402 io
attach an electrically conductive element 1404, which defines the elecirode tissue
sealing surface, {0 an energy source. Ths electrode 1404 also comprises a plurality of
electrically insulative elemenis 1406 (e.g., electrically insulative elements to establish
desired gaps between electrodes in bipolar electrosurgical instruments). A knife slot
1408 is provided as a channel for a knife {o transiate along the slot 1408, An insulative
element, not shown, is bonded to the opposite side of the electrically conductive element
1404,

[0489] In one aspect, the flexible circuit elacirode 1400 may bs implemented with the
following dimsnsions:

[0490] R =0.087", where Ris the radius of curvature of the distal end 1412 of the
glectrode 1400;

[0491] d1 = 0.038", where d1 is the width of the knife slot 1408,

[0492] d2 =0.823", where d2 is ths length of the straight portion of the 1400 {0 the
end of the lead 1402.

[0493] FIG. 71 illusirates a flat conductive trace 1420 for a flexible circuit electrode,
according to one aspect of the present disclosure. The flat conductive frace 1420
includes a dielsctric insulator layer 1422 having a thickness d3 = 80,0020, a gold plated
copper layer 1424 having a thickness d4 = 0.0028”, and an electrically insulative laver
1426 (e.g., polvimide, polyester, flusrocarbon, or any polymeric material, or any
combinations thereof) having a thickness db = 0.0050". The frace 1420 has a width d6 =
0.1560" and a length of d7 = 4.2274".
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[0494] FIG. 72 is a comparison of a conventional stainless steel slectrods 1430
versus the thin copper flexible circuit electrode 1420, according to one aspsect of ths
present disclosure.

[0495]  With reference now to FIGS. 70-72, in one aspect the flexible circuit electrode
1400 may be configured to reduce the seif-heating of the electrode 1400 and aliow the
majority of the heat to be gensrated by the self-heal of the tissue. The supsriority of
using a thin copper conducior over thicker steel or stainless steel conductor will now be
demonstrated.

[0496] The total resistance of a conductor is grealer for alternating current than it is
for continuous current due to induced EMFs (electromotive forces.) These forces are
greater at the center of a conductor than they are at the surface and they resist the flow
of current. This results in the current density to be greater at the surface of a conductor
than at the center. This current density variation is referred 1o as the skin effect.

[0497] Severai factors coniribute o the skin effect and will subsequently affect the
total resistance of a conducter. The conducior's resistivity value (p}, frequency (f), and
relative permeability (u) can be used to estimaie the skin depth, whare the skin depth is
the distance from the surface of a conductor in which the current densily is reduced io
1/e of the current density at the conductor's surface (approximately 37%.) Approximately
88% of the current moving in a conductor will be limited to the area defined by 4 times
the skin depth.

[0498] Forwires, tubes, and other compact shapes the skin depth (8) can be

approximated by Equation 1:

-~ 1 .’1()7,0
[0499] &= P o (Eq. 1)

[0500] Tabie1 provides material properties for some common materials:
[0501] Table 1: Properties of common materials
[0502] TABLE1

Material p{Q-m)at20°C Relative Permeability (u,)
Silver 1.58210-8 0.999974
Copper 1.68%10-8 {.899891
Gold 2.44x10-8 {.999998
Alurminum 2.82=10-8 1.000022
Tungsten 5.60%10-8 1.000068
Molyhdenum 5x10-8 1.000123
Nickel 6.99=10-8 100-600
Lithium 9.28%10-8 1.000014
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fron 1.00x10-7 6000-2000000
Platinum 1.06=10-7 1.000265
Carbon stesl (1010) 1.43%10-7 100
Titanium 4.20x10-7 1.000182
Stainless steel 6.90x10-7 1.003 to 7 (Austenitic

40-135 (Martensitic hardened)
750-950 (Martensilic annealed)
1000-1800 (Ferrific)

[0503] Generally speaking the resistance of a conductor can be calculated by using
Egquation 2.
[0504] R =-E (Eq.2)

whare (L) is the length of the conducior, (p) is the resistivity and (A} is the arsa.
[0505]

the conductor (G<<diameter), the subsequent resistance (R) can be estimated by

In the cass where the current is confined to a small area near the surface of

Eguation 3.
[0506]

Lxp
R ~
D

{(Eq.3)
where (D) is the perimeter of a round conductor.
[0507]

electrodes self-heat performance. One of the significant faciors in elscirode material and

Typical Stainless Steel (assuming Austenitic) electrodes vs. flexible circuit

geomeiry selection is the propsnsity to self-heat when current is passed through them.
Table 2 shows calculations for a typical stainless steel slectrode compared {o a flex
circuit electrode that has the same tissue contact area but significantly less cross-

sectional area.

[0508] TABLE 2
Conventional Electrode
Frequency 330000
Electrode 1
Length
Electrode 0.2
Width
Electrode 0.01
Height
Current 3
Material o (Qrmy at Relative {Refer| 37% Depth, | 98% Depth, Resistance Power from
20°C Permeability | ence inchas inches Electrode
(1) fora
rang
e
Silver 1.50E-08] 0.995974 0.004352749] 0.017410895] 0.001826432] 0.016437889%
Copper 1.68E-081 0.999991 0.004474206] 0.017396824] 0.001877428] 0.016886853
Gold 2.44E-08] 0.895988 0.00539206] 0.021568241] 0.0022625858] 0.020383274
Aluminum 2.82E-081 1.000022 G.005] 0.023186711] 0.002432428 0.02188185
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For Same
Geometry

Tungsten 5.60E-08] 1.000068 0.008168431] 0.032673723] 0.003427831 0.030850479
Molybdenum 5.00E-08] 1.000123 0.007718229] 0.030872817] 0.003239085! 0.0281517684
Nickel 5.89E-08] 100-600 100 9. 13E-04| 0.003650547] 0.038205628! 0.344660662
Lithium 9.28E-08] 1.000014 0.01051551] 0.042062039] 0.00441253] 0.038712768
fron 1.00E-07 6000- 5000 1.41E-04] 0.0005636%94] 0.354802153] 3.183218373
200000
Platinum 1.06E-07] 1.000265 0.011237114] 0.044948455] 0.004716514] 0.042448622
Carbon Steel 1.43E-07 100 0.0013058351) 0.005221405] 0.054774527 0.4982970747
(1010)
Tilanium 4.20E-07{ 1.000182 0.022368894| 0.089475576] 0.009388037] 0.084492331
Stainless 8.908-07 1 0.028673713} 0.114694851] 0.012031826] 0.108287337
Steel
Stainless 8.80E-07 7 0.010837645] 0.043350579] 0.031833485, 0.286501365
Steel
Stainiess 8.80E-07{ __0-135 40 4.53E-03] 0.018134848] 0.076008584( (.684868256
Steel (Martenstitic
hardened)
Stainiess 8.80E-07] 50-950 750 1.05E-03] 0.004188064; 0.329507875) 2.965570872
Steel {(Martenstitic
anngaled)
Stainiess sieel 8.80E-07] 1000-1800 | 1000 9.07E-04] 0.00362697] 0.38048292{ 3.424346282
(Ferritic)
One Aspect O A Proposed
Flex Electrode
Elecirode 1
Length
Electrode 0.2
Width
Electrode 0.0028
Height
Copper 1.68E-08! 0.890991 4 47E-03| 0.017808824 §.71E-031 0.080345002
Stainless steel §.90E-07 7 0.010837645] 0.043350579 1.14E-01 1.023219161
% Difference 4007% 800% 142% 142% 1586% 1596%

[0509]

A comparison of a conventional stainless steel electrode 1430 with a cross-

ssction of 0.2 x 0.17 and a copper electrode 1420 with a cross-section of 0.2 x §.0028".

Assuming a 17 length and 3A of current flowing (arbitrary) at a typical electrosurgical

frequency of 330kHz, the relative self-heat of the two designs are compared. The results

indicate that the copper electrode 1420, even though the cross-section is significantly

less, exhibits less self-heating than the thicker stainless stsel slectrode 1430.

Accordingly, based on these resulis, one can conclude that the copper siectrode 1420 in

a flexible circuit arrangement is superior 0 a conventional stainless stes! electrode 1430,

Although, copper may be determined to be a sub-oplimal choice for biscompatibility, the

copper conductor can be clad or coated with another biocompatible material such as

gold.
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[0510] Tahkis 3 shows the relative self-heat power of a conventional stesl slectrods
vs. & flat copper flex electrods.
[0511] TABLES3

Conventional Stesl Elsclrode vs. Flat Copper Flex Electrods
Relative self-heatl power from 0.2 x 0.1 Sieel Electrode 0.29
Relative self-heat power from Flat 0.2 x 0.0028 Copper Flex Electrode (.06

IX. FLEXIBLE CIRCUIT ELECTRODE MANUFACTURING PROCESS

A. Mass Produced Cost Effective Flexile Circuit Electrode Sub-Assembly Including
insulative Barrier And Non-Conductive Stand-Offs

[0512] FIGS. 73-80 iillusirate a mass produced and cost effective flexile circuit
electrode sub-assembly including insulative barrier and non-conductive stand-ofis,
according to one aspect of the present disclosure.

[0513] FIG. 73 is a perspective view of an assembly 1500 comprising an array 1502
of flexible circuit electrodes 1504, according to one aspect of the present disciosure.
FiG. 74 is an elevation visw of the assembly 1500 shown in FiG. 73, according to one
aspect of the present disclosure.

[0514] FIG. 75 is a detail plan view of the assembly 1500 shown in FIG. 73 showing
individual flexible circuit electrodes 1504 fixed in a carrier web 1506 prior to die cutting,
according to one aspect of the present disclosure. in one aspect, the carrier web 1506
may comprise fused links that are can be activated o sever the individual flexibls circuit
electrodes 1504 from the assembly 1500

[05158] With reference to FIGS. 73-75, the following disclosure provides a technique
of mass producing electrode assemblies 1500 for a bipolar medical device elecirode
1504. In this assembly 1500 the final electrode 1504 is bonded 1o an slectrically
insuiative backing material {e.g., polvimide, polyestsr, fluoracarbon, or any polymeric
material, or any combinations thereof) and insulalive elemeants are printed at two or more
locations on the tissue sealing surface of the electrode 1504, These elements serve to
prevent the electrode from shorting with the opposing jaws and serve to maintain a
defined gap between the uppsr and lower electrodss.

[0516] The elecirodes 1504 can be mass produced by laminating a metallic sheet to
an slectrically insulative film. Then the insulative elemenis are screen prinied on the
conductive face of the elecirode. The shape of the electrode 1504 is formed by screen
printing a protective barrier on the metallic film. This protective barrier aliows the shape

of the electrode to be formed by photoetching away the remaining matsrial which does
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not make up the final shape of the slectrode 1504, Finally, individual slectrodes 1504 are
die-cut out isaving electrode subassembiies that can be bonded to the jaws of the end
effector. The elecirically insulalive backing material or barrier can have an adhesive or g
brazeable surface on the back side of the electrically insulative backing material to allow
for attachment to the lower or upper jaw depending on the device jaw construction.
[0517] With reference to FIGS. 76-80, FIG. 76 is a perspective visw of an assembly
1600 comprising an array 1602 of flexible circuif electrodes 1802 in a carrier web 1606,
according to one aspect of the present disclosure. FIG. 77 is a detail view of the array
1602 of the flexible circull slectrodes 1604 in a carrier web 1606 shown in FiG. 76,
according to one aspect of the present disclosure.

[0518] FIG. 78 is an individual flexible circuit electrode 1604 sub-assembly in a
carrier web 16086 prior to die-cutling, according io one aspect of the presant disclosure.
FIG. 79 is a detail view of the individual flexible circuit electrode 1604 sub-assembly in a
carrier web 1606 shown in FiG. 78, according to ons aspect of the pressnt disclosure.
[0519] FIG. 80 is an individual flexible circuit slectrede 1604 sub-assembly shown in
FIG. 78 after dis cutting and ready o be bonded {o a jaw of an end effector, according o
one aspect of the present disclosure. The electrode 1604 comprising an eleclrically
conductive metal layer 1620, an electrically insulative layer 1606 (e.g., polyimide,
polvester, fluorocarbon, or any polymeric material, or any combinations thereof) attached
to one side of the conductive metal layver 1620. Dislectric insulative elements 1610 are
printed on the tissue contacling surface 1616 of the conductive metal layer 1620, In one
aspect, the dielectric insulative layer 1612 can be printed on the lead 1618 portion of the
electrode 1604. A knifs slot 1614 is provided in the electrode 1604 {o receive the knife
through the siot.

[0520] The following disclosure provides a technique of mass producing elscirode
assemblies 1600 for the bipolar medical device electrode 1604, In this assembly 1600
the final elecirode 1604 is bonded fo an elecirically insulative backing 1606 (e.q.,
polyimide, polysster, fluorocarbon, or any polymeric material, or any combinations
thereof} and insulative slements 1610 are printed at two or more locations on the tissue
sealing surface 1616 of the electrode 1604, Thase elementis 1610 serve o prevent the
electrode 1604 from shorting with the opposing jaws and serve {0 maintain a defined gap

between the upper and lower electrodes. The dielectric insulative layer 1612 used to
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print the elements 1610 can also be prinied onto the lsad portion 1618 of the slecirode
1604,

[0521] The elecirodes 1604 can be mass produced by laminating a metallic sheet
1620 to an electrically insulative film 1806 (e.g., polyimide, polyester, fluorocarbon, or
any poiymeric material, or any combinations thereof). Then the insulalive elements 1610
are screan printed on the conductive face 1618 of the elsctrode 1604, The shaps of the
electrode 1604 is formed by screen printing a protective barrier on the metallic film 1620,
This protective barrier allows the shape of the electrode to be formed by photoeiching
away the remaining material which doss not make up the final shape of the elscirode
1804. Finally, individuali elecirodes 1604 are die-cut oul leaving electrode subassemblies
that can be bonded to the jaws of the end effector. The electrically insulative barrier
(.g., polvimide, polyester, fluorocarbon, or any polymeric material, or any combinations
thereof) can have an adhesive or a brazeable surface on the back side of the polyimide
barrier to allow for altachment {0 the iower or upper jaw depending on the device jaw

construction.

B. Flow Diagram Of Process Of Manufacturing Flexible Circuit Electrodes

[0522] FIG. 81 is a flow diagram 1700 of a process of manufacturing flexible circuit
eiscirodes, according to one aspect of the present disclosure. An electrically conductive
sheet is laminated 1702 to an eleclrically insulative sheel. The electrically conductive
sheet may be a sheel made of copper, a gold plated copper, silver, platinum, stainless
steel, aluminum, or any suilable electrically conductive biccompatible material, for
exampie. The electrically insulative sheel may be a sheet of electrically insulative
material (e.g., polyimide, polyester, flucrocarbon, or any polymeric material, or any
combinations thersof).

[0523] An elecirode is then formed 1704 on the electrically conductive sheet
according to a predetermined pattern. This process may include for example etching an
electrode on the elecirically conductive sheet. in one aspect, a desired pattern may be
formead by screen printing a profective barrier to the elactrically conductive sheet. This
protective barier allows the shape of the slectrods to be formed by photoeiching away
the remaining material which does not make up the final shape of the glecirode.

[0524] Once the electrode is formed, electrically insulative elements are printed 1706

of the tissue contacting surface of the glectrode. The electrically insulative elements may
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ke formed of a dielsciric matsrial that can be screen printed on the tissue contacting
surface of the electrode. The elscirically insulaiive slemsnts (g.g., insulative slemeants to
esiablish desired gaps between electrodes in bipolar electrasurgical instruments).
[0525] Once the electrically insulative elementis are printed on the fissue confacting
surface of the electrode, the individual elecirode are separated 1708 from the elecirically
insulative and conductive sheets that act as a web to hold the individual electrode
elements in place during the processing phase. In one aspect, separating the elecirodes
comprises die cutting the electrodes, they can be attached to the jaws of the upper
and/or lower electrede.

[0526] In accordance with the present disclosure, electrically insulative materials,
such as dislectric materials, may be applied to a variety of flexible substrates by scresn
printing, stamping, dip coating, syringe dispensing, spraying, and/or pad printing, or
combinations thereof. Suitable flexible substrates may include, without limitation,
Kapton, Myiar, epoxy/giass, polycarbonate, ireated and untreated polyester, glass,

sputiered surfaces, Aluminum, and/or combinations thereof.

X, THERMAL ASSIST FOR ADVANCED RF ELECTRODES
[0527] FIGS. 82-87 describe a thermal assist end effector, according to one aspect of
the present disclosure. FIG. 82 is a perspective view of an end sffector jaw 1800
assembly comprising an electrode 1802 and a thermal assist heater 1804, according o
one aspect of the prasent disclosure. The end effector jaw assembly 1800 also
comprises a thermal and electrical insulator 1806. The resistive thermal heater 1804 is in
the form of a foil attached to the fo the electrode 1802, Use of the resistive thermal
heater 1804 can reduce the time spent the low impedancs (|Z]), high powsr, portion of
the sealing cycle, that resembile a “bathtub’ shape. Currently, when impedance is
extremely low, the RF generator is limited in the power that can be fransferred to the
tissue electrically. By transferring power thermally to the tissue using the resistive
thermnal heater 1804, the tissue can be desiccated which will aliow the cycle to finish
more quickly. The resistive thermal heater 1804 foll can bs integratsd with ths metal
electrode or with a flexible circuit electrode 1802 as shown in FIG. 82.
[0528] Low impedance (|Z]) loads can cause long cycle sealing times. This is
because the generator is limited in powering low [Z| loads. The generator or instrument

can sense when the load is below a threshold where the generator is able to apply
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sufficient power to make a moderate cycle time. When this ocours, the resistive thermal
heatsr 1804 can be turned on {0 give the tissue a boost into the coagulation cycle.
[0529] Once the power delivery from the generator is sufficient, then the resistive
thermal heater 1804 can be turned off and the RF energy delivered by the generator can
completed the seal. A threshold for the low impsdance can be set such that when the
gensrator cannot deliver 50W or more of power then the resistive thermal heater 1804
heater is turned on. In one example, 3.5A may be the maximum current available from a
generator. Based on conventional power formulas P=*R and R = 50/35% 24 Ohms.
Once the generator is able o deliver ~200W, then the resistive thermal heater 1804 can
be turmed off. In the above example, this is ~=16 Ohms.

[0530] Minimizing or reducing the time spent in the “bathtub’ portion of the cycle will
reduce the overall tissue sealing cycle time. Activation and deactivation of the thermal
assist can be accomplished in several ways with varying benefits and trade-offs, some of
which include a temperature bassd closed-loop control using psripheral-integral-
derivative (PID) or other technique. A specific temperature-time profile is applied to the
tissue while sensing tissue temperature or predicting lissue temperature based on jaw
temperature. A time based control can be used to control thermal power applied for a
predetermined period of ime {0 assist in iransitioning the bathtub. temperature control
using a bi-metal “thermosiat’ switch can be used to de-energize the thermal assist when
a specific temperature has been achieved. An RF performance feedback fechnique can
be used where the generator is emploved to detect when impedance is too low to
effectively drive current inlo the tissue, aclivating the thermal assist. When impedancs
rises, deactivaiing the thermal assist to rely on Advanced RF

[0531] FIG. 83 is a graphical depiction 1810 of power, voltage, and current versus
impedance, according to one aspect of the present disclosure. Power (P), voltage (V)
and current (1) are depicted along the vertical axis and impedancs (R) is depiclted along
the horizontal axis. As shown, wan the impsdance (R} is low or near zero, current (1) is
high or at its maximum and vollage (V) and power (F) are at thelr minimum or zero. As
the impedance increases to right along the horizontal axis, current (1) gradually
decreases and the power (P) and voltage (V) increase. As the impedance (R) increases
further, the current {1) and power (F) drop 10 near zero and the voliage stabilizes fo a

raximuni,

78



WO 2017/146902 PCT/US2017/016919

[0532] FIG. 84 is a schematic of a circuit 1820 of an RF anergy source 1822 with a
fow impedance ioad betweean two electrodes 1828a, 1828, according 1o one aspect of
the present disclosure. The circuit 1820 is a conventional RF energy sealing circuit
where an RF energy source 1822 is electrically coupled {o first and second electrode
1826a, 1826b with tissue 1824 located therebetween. When the moisiure content of the
fissug 1824 positionsd between the elecitrodes 1828a, 1828h is high, the impedance of
the fissue is low. Accordingly, the RF energy source 1822 will output a high current. As
RF energy is applied o the tissue 1824 moisture is driven out of the tissue due to the
heating effect of the RF snergy applied to the tissue 1824. As moisture is driven out of
the tissue 1824, the tissue 1824 desiccates and the impedance increases, which
reduces the amount of current through the tissus 1824. The procass continues until the
impedance reachses a praedetermined quantily.

[0533] FIG. 85 is a schematic of a circuit 1830 comprising an RF energy source 1822
with a low impedance load between the electrodes 1826a, 1826h, a heater enaergy
source 1832 with & healer 1834, and a thermal assist conirol circuit 1831, according to
one aspect of the prasent disclosure. As shown, the circuif 1830 comprises an RF circuit
comprising an RF energy source1822 for driving the slectrodes 1826a, 1826 and a
control circuit 1836 to monitor tissue impedance |Z+| and control the RF energy source
1822 based on the measurad impedance. The circuit 1830 aiso comprises a thermal
assist control circuit 1831 comprising a healer enargy sourcs 1832 to drive the heater
1834 attached 1o one of the slectrodes 1828a and a heater control circuit 1838 to control
the heater energy source 1832 based on inputs from the RF conirol circuit 1836. The
heatsr energy source 1832 applies energy to the healer 1834, which in tum heats ths
tissue to assist the RF snergy source 1822 during low impedance load pericds. The RF
control circuit 1836 can turn the RF source ON and OFF and can send an insiruction or
a signal to the heater controf circuit 1838, which can turn the heater source ON and
OFF. The thermal assist control circuit 1831 powering the heater 1834 can be a single
system that applies about 50W {o about 100W of power through a battery, a separate
mains supplied sourcs, or from the gensrator output. See 2015/0180188, for example.
[0534] FiG. 86 is a graphical depiction 1840 of impedance ({Z}) and power (F} versus
time (1), according to one aspect of the present disclosure. Impedance (|Z|) and power
(P} are depicted on the vertical axis and time (1) is depicted on the horizontal axis. With

reference also io FIG. 85, as the tissus 1824 impedance {{Z|) varies, the power (P)
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deliversd {o the tissus 1824 also variss. When the fissue impedance {{Z]) drops below a
low impedance threshold Z; the heater control circuit furns ON 1848 the heater 1834 {o
apply heat to the lissue 1824. When the tissue impedance ({Z]) rises above a high
impedance threshold Z, the heater control circuit turns OFF 1848 the heater 1834,
[0538] FIiG. 87 is logic flow 1850 depicting a process for operating the thermal assist
control circuit 1831 shown in FIG. 85, according 0 one aspsct of the present disclosure.
With reference also o FIGS. 85 and 88, afier the surgeon grasps tissue between the
jaws of the end effector RF energy is applied 1852 {o the electrodes 1826a, 1826h.
During the process the control circuit 1836 monitors the tissue impedancs |Z+| and
compares 1854 it to predelermined thresholds. When the tissue impedance |£+] is less
than the low tissue impedance threshold Z; the haater control circuit 1838 turns ON
1858 the healer 1834, otherwise the RF coagulation cycle is completed 1862, The
control circuit 1836 continues comparing 1858 the measured fissue impedance fo the
predetermined thresholds. When the tissue impedance |{Z+] is less than the high tissue
impedance threshold Z,, the heater 1834 stays on until the tissue impedance {Z4] is
greater than the high tissus impedancs threshold 2, and then the heatsr control circuit
1838 turns OFF 1860 the heater 1834 and completes 1862 the RF coagulation cycle.
[0536] The instrument and the generator can be configured o execute most any RF

atgorithm. One jaw algorithm is described in US Patent No. 8,080,776, for example.

Xl. OPTICAL FORCE SENSING FOR RF SEALING PROCESS MONITORING
[0537] FIGS. 88-81 illustrate an optical force sensor 1900 based on measuring light
transmission through micro-bent polymer optical fibers 1802 (POF) embedded in an
elastomer strip 1904, according o one aspect of the present disciosure.

[0538] FIG. 88 is an optical force sensor 1904 in a relaxed staie, according to one
aspect of the present disclosure. FIG. 89 is a cross section of the oplical force sensor
1900 shown in FIG. 88 in a relaxed state, according to one aspect of the present
disclosure.

[0538] FIG. 80 is a cross section of the optical force sensor 1800 shown in FIG. 88 in
a compressead state, according to ons aspect of the pressnt disclosure, FIG. 91 is a
simplified schematic diagram of the oplical force sensor 1900 shown in FIG. 88,

according to one aspect of the present disclosure.
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[0540] With reference now o FIGS. 88-91, this technigue employs a force sansor
1900 bassd on measuring light transmission through micro-bent polymer optical fibars
1902 (PCF). This technique provides improved flexibility of RF sealing algorithms {o
accommodate the variety of tissue properties and behavior encountered in practice. This
technigue also reduces the variability and improve strength of vessel seals by controiling
the applied compressive force. The advantage of using an optical sensoris that it is
undisturbed by RF fields. The advaniage of POFs 1902 is that they are inexpensive and
more flexible than silica optical fibers.

[0541] The sensor 1900 comprises a POF 1902 set in an elastomer strip 1804, The
elastomer sirip 1804 has a wavy shape while the fiber inside is straight, as shown in
section view in FIG.88. Whan the sensor 1800 is compressead between two flat surfaces
1908, 1208, as shown in FIG. 80, the POF 1902 is deformsad into a serigs of micro-
bends. When the POF 1902 is bent part of the light escapes from it. With the increase of
compression force 1910 the deformation of the sensor 1900 elastomer strip 1904 varies
and the light transmitied through the POF 1802 decreases mongtonicaily. Thus ths
attenuation of transmitied light is a measure of the applied force 1810,

[0542] As shown in FIG. 21, the sensor 1900 is interrogated by sending light from an
LED 1912 through a POF 1902 to the sensor sirip 1804, The light returning from the sirip
1904 is measured by a photodiode 1914, Another photodiode 1816 measures a fraction
of the Eght from the LED 1812 carried by a POF 1818 coupled with the POF 1902
bringing light to the sensor 1900, The ratic of the signals from the two photodiodes 1914,
1916 can be calibrated versus the applied force 1910, The sensor 1900 can be inserted
betwsen the electrode and ths jaw of an RF device such as an electrosurgical

instrumsnt 2 shown in FIG. 1A to monitor the applied force 1910,

Xii. POLYMER OPTICAL FIBER {(POF) ON FLEXIBLE CIRCUIT ELECTRODE
[0543] FIGS. 92-93 illusirate polvmer optical fibers (POF) integrated with flexible
circuit electrodes for sensing a pressure in a jaw of an end effector 2000, according to
one aspect of the prasent disclosure. FIG. 82 is a section view of a lower jaw 2002 of the
end effector 2000 comprising a POF force sensor 2004, according io oneg aspect of the
present disclosure.

[0544] Turning now to FIG. 92, the POF force sensor 2004 is disposed on the lower
jaw 2002 of the end effector 2000. The POF force sensor 2004 comprises first and
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second layers of electrically insulative film 2010, 2012, {&.g., polyimids, polyester,
fuorocarbon, or any polymeric matarial, or any combinations thereof), such as Kapion,
for example. A flexible electrode 2014 is located below the first elecirically insulative film
2010. The lower side of the flexible electrode 2014 comprises a first plurality of trace
layer segment conductors 2016. The upper of the second electrically insulative film 2012
comprises a sscond plurality of trace layer segment conductors 2018, Polymer optical
fibers 2008 are integrated with the flexible slectrode 2014 between the first and second
plurality of the trace layer segment conductors 2016, 2018, Accordingly, the POF 2008 is
located between what would otherwise be trace layer segments 2016, 2018 of the
fiexible electrode. The trace layer segment conductors 2016, 2018 are printed in an
offset pattern as shown in FiG. 92, which causeas the POF 2008 to bend when pressurs
is applied to the flexible elecirode 2014, The flexible elacirode 2014 configuration of the
POF force sensor 2004 enables a pressure profile feedback from the end effector 2000
to be processed in the surgical instrument handle or slectrosurgical generator.

[0545] FiG. 93 is a saction view of the end effector 2000 shown in FIG. 92 with tissus
2020 disposad on the POF force sensor 2004, according o one aspsct of the present
disclosure. As the upper jaw (shown for clarity of disclosure) closes on the tissue 2020
and applies a force on the tissue 2020 against the lower jaw 2002, micro bends 2022 are
developed in the POF 2008 layer. The POF force sensor 2004 is based on measuring
light transmission through the micro bends 2022 of the POF 2008 layer. This techniqus
provides improved flexibility of RF sealing algorithm to accommodate the variety of
tissue properties and behavior encountered in practice. The POF force sensor 2004 also
reduces the variability and improves the strength of vessel seals by conirolling the
applied compressive force. The POF force sensor 2004 operates on principles similar to
the oplical force sensor 1800 based on measuring light transmission through micro-bent
POF 1802 embedded in an elastomer strip 1904, according 1o FIGS. 88-91.

[0546] The POF force sensor 2004 senses the pressure profile in the jaw 2002 as
well as the position of the tissue 2022. The pressure applied {o the tissue 2022 and the
location of the tissue 2022 in the jaws 2002 are paramsters that sffect sealing
performance. Obtaining information about the pressure profile in the jaws 2002 and the
position of the tissue 2020 allows the algorithm 1o be adjusted in real time according to
how the surgical instrument is being used and improves sealing performance due to the

device receiving pressure feedback from the end effector 2000.

32



WO 2017/146902 PCT/US2017/016919

Xill. FLAT PATTERNED FLEXIBLE ELECTRODE INCLUDING FLEXURE BEARING
[0547] FIGS. 84-97 illusirate flat paiterned flexible circuit elecirodes comprising a
flexure bearing, according to one aspect of the present disclosure. The flat patterned
flzxible circult electrodes utilize the flexible nature of the flexible circuit electrode o
incorporate a flexure bearing. This flat patterned flexible circuit electrodes snables both
poles of the bipolar electrode to be fabricated in a single contiguous component. There
are a variety of flat patterns which will allow the incorporation of both poles of a bipolar
device inio a singie flexible circuit. These designs can be configured 1o include a flexure
bearing within the flexible circuit. The introduction of a bipolar electrode consisting of a
single flexible circuit enables a number of unique configurations and features as
described herein in connection with FIGS. 84-85 and FIGS. 96-87.

A. Flat Patterned Flexible Circuit Electrode Where Upper And Lower Jaw Electrode
Elemenis Are In Transverse Orientation Relalive To A Lonagitudinal Elemeni

[0548] FIG. 94 is a flat patterned flexible circuit electrode 2100 in a flat state where

an upper jaw electrode element 2102 and a lower jaw electrode element 2104 are in

transverse orientation relative 1o a longitudinal element, according to one aspect of the
presant disclosure. The flexible circuit 2100 comprises an upper jaw slecirode element
2102, a lower jaw elecirode element 2104, and a longitudinal glement 2106 that extends
from the junction of the upper and lower jaw electrode elements 2102, 2104 to a control
circuit or a generator circuil. Electrically conductive traces 2108 extend along the
longitudinal element 2108 and in the uppsr and lower jaw glectrode elemenis 2102,
2104 to deliver electrical energy to an end effector. The flexible circuit electrode 2100 is
manufactured in the flat state in a single contiguous component as shown in FIG. 94 and
is folded in the state shown in FIG. 95 when disposed within the slectrosurgical
instrument.

[0548] FIG. 85 illustrates the flat pattemed fexible circuit electrode 2180 shown in
FIG. 94 in a folded state where the upper and lower jaw electrode slements 2102, 2104
create a flexure bearing 2110, according to one aspect of the present disclosure. The
fiexible circuit eleclrode 2100 is folded in the stale shown in FIG. 83 when it is disposed
within a surgical instrument. The upper jaw electrode element 2102 is disposed in the
upper jaw of an end effector and the lower jaw glectrode element 2104 is disposed in ths

fower jaw of the end effector. The longitudinal element 2108 is disposed within a shaft of
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the slectrosurgical instrument. Ths flexure bearing 2110 provides the necassary flexure

when the upper and lower jaws of the gnd sffscior open and close.

B. Flat Paiterned Flexible Circulf Electrode Where Upper And Lower Jaw Elecirode
Elements Ars In Paralis| Crientation Relative To A Longitudinal Element

[0550] FIG. 96 is a flat patierned flaxible circuit glectrods 2120 in a flat siate where

the upper and lower jaw electrode slemeants 2122, 2124 are in paralle! orientation

relative 1o a longitudinal element 2128, according to one aspect of the present
disclosure. The flexible circuit 2120 comprises an upper jaw electrode element 2122, a
lower jaw electrode elemsent 2124, and a longiudinal elemsnt 2126 that exiends from
the junclion of the uppser and lower jaw slectrode elemenis 2122, 2124 to a control circuit
or a generator circuit. Elecirically conductive traces 2128 exiend along the longitudinal
element 2126 and in the upper and lower jaw electrode elements 2122, 2124 to deliver
electrical energy to the end effector. The flexibie circuit electrode 2120 is manufactured
in the flat state in a single contiguous component as shown in FIG. 96 and is folded in
the state shown in FIG. 97 whan disposed within an slectrosurgical instrument.

[0551] FIG. 97 illustrales the flal patterned flexible circuit electrode 2120 shown in
FiG. 96 in a folded state where the upper and lower jaw elements 2122, 2124 create a
fliexure bearing 2130, according 1o one aspect of the present disciosure. The flexible
circuit electrode 2120 is folded in the state shown in FIG. 97 whean it is disposed within
an surgical instrument. The upper jaw electrode element 2122 is disposed in the upper
jaw of an end effector and the lower jaw elecirode element 2124 is disposed in the lower
jaw of the end effector. The longitudinal element 2106 is disposed within a shaft of the
electrosurgical instrument. The flexure bearing 2110 provides the necessary flexure

whan the upper and lower jaws of the end effector open and close.

X, SWITCHING AND CONTROL
A. Flexible Circuit Including An Integrated Slider Switch To Control Swilching Modes

[0552] FIGS. 98-90 ilustrate a flexible circuit comprising an integrated slider swilch {o
control switching modes, according to one aspect of the present disclosure. The flexible
circuit can be located proximally in a handle of an elecirosurgical instrument and may
contain a series of conductive pads with conductive traces. When the conduclive pads
are bridged with a slider switch different functionality can be obtained. In one aspect, the

slider switch may be amployead (o swilch batween bipolar and monopolar RF operation.
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[0553] FIG. 88 is a side elevation view of a flexible circuit electrode 2200 comprising
an integrated slider switch 2202, according to one aspect of the present disclosure. FIG.
99 is a plan view of the flexible circuit electrode 2200 shown in FIG. 98 showing the
integrated slider swiich 2202, according 1o one aspect of the present disclosure. With
reference now io FIGS. 88-89, the flexible circuil slectrode 2200 can be positionad
proximally in a handle of an glectrosurgical instrument. The flexible circuit elecirode
2200 comprises a series of conductive pads 22043, 2204b, 2206a, 2206b with
conductive traces 2208a, 2208b, 2210a, 2210b. When the conductive pads 22043,
2204b, 2206a, 2206b are bridged with the contact 2218 of the slider switch 2202
different functionality can be obtained. In one aspect, the slider switch 2202 may be
amployed to swiich between maonopolar RF operation in a first position 2214 shown in
solid line where the return path is disconnecied and bipolar RF operation shown in a

second position 2216 shown in phantom line.

B. Selectively Addressable Flexible Circuit Elecirode including Controlled Switching
Areas And Switching Modes

[0554] FIGS. 100-102 illustrate various flexible circuit electrode configurations
including a controiled switching area io conirol various swilching modes and enabling
the flexible circuit elecirode o be selectively turmned on and off in diffsrent areas,
according to one aspect of the present disclosure. The flexible circuit electrode can be
turned on and off in different areas to enable the inside and ouiside portions of the end
effector to be controlled separately. This enables conirol of the current density through
the width of the slectrods. Other aspects enable the distal electrode elemant to be used
for touching up around bleeding arsas at the surgical site. Other aspects enable control
of the cutside edges to enable touch up with the distal electrode element or allow the
user to turn off the outer edges when operating around delicate structures.

[05588] FIiG. 100 is a planar view of a flexible circuit elecirode 2300 configured to
anable inner and outer segments 2302, 2304 of the electrode 2300 {o be conirolied
separately and indepsendently, according to one aspect of the present disclosure. The
fiexible circuit 2300 comprises a knife slot 2306 and an inner electrode 2302 and an
outer slectrode 2304 surrounding the knife slot 2306. The inner and outer elscirodes
2302, 2304 are separately and independently controliable. Accordingly, the inner and
outer electrodes 2302, 2304 can be separalely and independently energized. This

configuration enables the flexible circuit slectrode 2300 fo be turned on and off in
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different areas o enable ths inner and cuter segments 2302, 2304 of the flexible circuit
electrode 2300 to be controlled separately. This enables control of the current density
through the width of the flexible circuit elecirode 2300,

[0556] FIG. 101 is planar view of a flexible circuit electrode 2310 configured to enable
sgparate and independent control of a distal tip 2318 of the slectrode 2310, according to
ong aspect of the prasent disclosure. The flexible circuit electrode 2310 comprises one
electrode 2312 disposed along lateral segments 2316a, 2316b of a jaw of an end
effector separated by a knife slot 2317 and another electrode 2314 locaied at the distal
tip 2318. The lateral and distal eiecirodes 2312, 2314 are separately and independsntly
controliable. Accordingly, the {ateral and distal slectrodes 2312, 2314 can be separalely
and independently ensrgized. This configuration enables the distal tip 2318 of ths
flexible circuit electrode 2310 {0 be used for touching up around bleeding areas al the
surgical site.

[0557] FIG. 102 is a section view of a flexible circuit electrode 2320 configured to
enable separate and indepsendent control of the outer edges 2326a, 2326 of the flexible
circuit electrode 2320, according to one aspect of the present disclosurs. The flexible
circuit electrode 2320 comprises a first electrode 2322 that is disposed along a planar
surface of a jaw of an end effector and a second elecirode 2324 that is disposed along
the outer edges 23283, 23260, A knife slot 5028 is defined between the first and second
electrodes 2322, 2324. The first and second eleclrodes 2322, 2324 ars separaiely and
independently controllable. Accordingly, the first and second elecirodes 2322, 2324 can
be separately and independently energized. This configuration enables control of the
outside edgss of the flexible circuit elecirode 2320 1o be used for touching up areas or to
atiow the user o turn off the second electrode 2324 at the outer edges 2326a, 2328b
when operating around delicate structures.

[0558] i will be appreciated, that the various flexible circuif electrode configurations
shown in FIGS. 100-102 can be incorporated in one aspect. Accordingly, any one of the
various aspects of the slectrede configurations shown in FIGS. 100-102 can be
combined to confrol various switching areas and modes of an end effector. Accordingly,
one aspect comprises a combination of the flexible circuils 2300 and 2310 as described
in FIGS. 100 and 101. Another aspect, comprises a combination of the flexible circuits
2300 and 2320 as described in FIGS. 100 and 102, Another aspect, comprises a
combination of the flexible circuits 2310 and 2320 as described in FIGS. 101 and 102.
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Finally, ancther aspect comprises a combination of the flexible circuils 23040, 2318, and
2320 as described in FIGS. 100-102. Thus, the flexible circuit electrode can be
selectively turned on and off in different areas, according to one aspect of the present

disclosure.

C. Technigues For Switching And Contralling Radio Freqgusncy (RF) Flexible Circuit
Electrodes

[0559] FIGS. 103-113 illusirate techniques for switching and controlling a radio
frequency {(RF) flexible circuif slectrode, according to various aspects of the present
disclosure. FIG. 103 is a diagram iHustrating components and inferconnections of a
sysiem 2400 of an electrosurgical instrument for switching and controlling a radio
frequency (RF) flexible circuit electrode 2406, according to one aspect of the present
disclosure. The interconnections between the switching and controlling can be
electrically interconnectsd via a flexible circuit. The system 2400 comprises a control
circuit 2402 coupled 1o & generator 2404, The conirol circuit 2402 may comprise an
application specific integrated circuit {ASIC), microprocessor, microcontroller, field
programmable gate array (FPGA), programmable logic device (PLD), among other
digital and/or analog circuits. The generator 2404 is coupled {0 the flexible circuit
electrode 2408, The control circuit 2402 is configurad {o receive one or more inputs 2408
and provide one or more control outputs 2410 to control the operation of the
electrosurgical instrument. An optional expansion interface 2412 may be provided.
[0560] Some examples inputs 2408 to the conirol circuit 2402 inciude, without
limitation, any sensor with analog, i°C, serial communication, or digital interface. These
sansors include, without imitation, thermistors, thermocouples, piezoelectric film
femperature, pressure, force load cell for pressure or force measurement, Hall effect or
encoder sensors to measure position of clamp arm or closer trigger, swiich inputs
(dome, tactile, capacitive}. When the conirol circuit 2402 comprises an ASIC,
microprocessor or FPGA, additional inputs 2408 can be incorporated inlo the
electrosurgical instrument.

[0561] Some examples control outputs 2410 from the control circuit 2402 include,
without limitation, solid or blinking LED’s to indicate o the surgeon state of the
instrument (RF energy delivery, high temperature of clamp arm, and seal complete.
Additional outputs 2418 include haptic molor conirol to provide tactile feadback to

surgeon. Stepper or pulse width modulation (PWM) outputs 2410 can be utilized for
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motor control of the knife to advance the knife after seal is complste or in conjunction
with RF energy as the seal is completed for a particular elscirode segment. Additional
outpuis 2410 may be emploved to turn on relays or transistors to change the elecirode
{(inside/ouiside, tip electrode, inner/outer, segment of the electrode). Display oulputs
2410 include liquid crystal display (LCD) oculputs to provide visual fesdback to surgeon.
Whan the control circuit 2402 comprises an ASIC, microprocessor or FPGA, additional
control oulputs 2410 can be incorporated into the electrosurgical instrument.

[0562] The system 2400 provides a means for switching and conirol of the RF flexible
circuit electrode 2406. The circuil configurations of the system 2400 can be assembled
on a flexible circuit or rigid flexible circuit that incorporates the RF flexible circuit
slscirodes 24086, The circuitry of the system 2400 may be located in the handis of the
electrosurgical instrument and can be located on the flexible circuit in any location (i.e.,
the tail of the flexible circuit or near the RF flexible circuit electrode 24086) that enables
the desired functionalily. To enabis the swilching of energy to the RF flexible circuit
electrode 2406 the user of the slecirosurgical instrument can provide an input that the
RF gensrator 2404 receivas to switch the ensrgy on to the RF oulput pins of the
generator 2404 according to various algorithms. In one aspect, the generator 2404
receives the input on the handswilch wires of the generator 2404, In one aspect, the
handswiich input o the generator 2404 can be an anaiog input (based on voliage
measurad being with in defined range for input) or it can be received digitally via a
communication protocol.

[0563] FIG. 104 is diagram of the system 2400 for switching and controlling a radic
frequency (RF) flexible circuit electrode 2406 shown in FIG. 103 where an application
specific integrated circuit (ASIC) is empioyed for the control circuit 2402, according to
one aspect of the present disclosure. As shown in FIG. 104, an slectrosurgical
instrumant 2420 is depicted in block diagram form. The electrosurgical instrument 2420
comprises a control circuit 2402 implemented as shown in FIG. 104 as an ASIC. The
electrosurgical instrument 2420 also comprises a serial comimunication memory 2426,
one or more expansion blocks 2428, 2430 sach coupled to corresponding expansion
circuits 2427, 2429, The electrosurgical instrument 2420 also comprises an analog-to-
digital converter 2432 (ADC), a serial communication interface 2434, a bank of swiiches
2436 to indicate various states of the electrosurgical instrument 2420, The

electrosurgical instrument 2420 also includes varicus LEDs 2436 to indicate states of the
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slgctrosurgical instrument 2420, The electrosurgical instrumsnt 2420 is coupled {0 and
raceives energy signals and information from a generator 2404 and can communicats
information to the generaior 2404,

[0564] The control circuit 2402 comprises one or more memory blocks 2422, 2424,
The first memory block 2422 is coupled to the second memory block 2424, to an
inputfoutput (YO} processor 2444, and a frame processor 2450, The second memory
block 2424 is coupled to a position encoder 2448, a motor controller 2446, a PWM
processor 2442, and an input processor 2440, A serial data processor 2452 is coupled
to first and sscond expansion blocks 2428, 2430, where each one is couplsed to one or
more expansion circuits 2427, 2429, The serial data processor 2452 controls the serial
receiving {RX) and transmission (T X) functions.

[0565] The control circuit 2402 recsives various inputs and oculputs. In one aspect, for
exampie, the frame processor 2450 of the control circuit 2402 is in two-way
communication with the generator 2404 The input processor 2440 receives inputs from
the switch bank 2438, where the swilchss indicate a siate of the slectrosurgical
instrumant 2420, Temperature sensors and other sensor inputs are provided {0 the ADC
2432, which is in coupled to the /O processor 2444 A serial communication interface
2434 also is coupled to the /O processor 2444, Device trigger inpuls are coupled to the
position encoder 2448. In ong aspect, the input {o the position encoder 2448 may be a
guadraturs encodsr input, for example.

[0566] The control circuil 2402 also provides various control outpuls. For example,
the stepper motor coniroller 2446 provides conirol oulputs 1o one or more motors of the
electrosurgical instrument 2420. The PWM processor 2442 generates PWM waveforms
and outputs the PVWM waveforms to one or more motors of the electrosurgical
instrument 2420, One or more outputs from one of the memory blocks 2424 is coupled
io one or more LEDs 2438 of the electrosurgical instrument 2420, Additional functionality
may include, without limitation, discrete inputs, discrete ouiputs, serial communication
memory, and/or additional serial poris.

[0567] \With reference now o FIGS. 103 and 104, the use of an ASIC,
microprocessor, microcontroller, FPGA, and/or PLD for the control circuit 2420 provides
the ability of processing input and output control occur locally (in the elecirosurgical
instrument 2420) rather than requiring the generator 2404 to process the input and

output controls. This may provide faster real time control of oulputs based on the inpuis
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received by the expansion intarface box. This expansion interface 2412 shown in FIG.
103, would enable the generator 2404 system io provide expandsd capahilities such as
high power, monopolar RF capability, combined RF/ultrasonic operation, control, or
provide additional power to outputs such as motors, LCD displays, LED’s 2438,

[0568] The ASIC impiementation of the control circuit 2402 shown in FIG. 104, is
configured to provide circuitry within the ASIC conirol circuit 2402 for interfacing and
processing inputs and outputs. The ASIC control circuit 2402 can accept up to & or more
discrete inputs and 8 or more discrete oulputs (open drain [pull low] or iotem pole type).
The conirol circuit 2402 can interface with the generator 2404 utilizing any suitable
communication protacol. The generator 2404 receives the status of the inputs and sends
command io the ASIC conirol circuit 2402 to turn on outputs. This ASIC control circuit
2402 is placed on the flexible circuit or a rigid flexible circuit and is located within the
handle of an electrosurgical instrument 2402 including, without limitation, monopolar
and/or bipolar radio RF instruments, microwave instruments, reversible and/or
rrevarsible slectroporation instrumenis, and/or ultrasonic instruments, or any
combinaiion theraof.

[0569]  FIG. 105 is an electrical schematic of the system 2400 for switching and
controlling a radio frequency (RF) flexible circuit electrode shown in FIGS. 103 and 104,
according to one aspect of the prasent disclosure. The system 2400 comprises an ASIC
control circuit 2402 and a connsclion 2454 {o the system VO, The electrically conductive
interconnections can 2456 be formed on a flexible circuit or a rigid flexible circult coupled
to the flexible circuit electrode 2406,

[0570] FIG. 106 is a diagram serial communication circuit 2460 that may be
employed by the system 2400 shown in FIGS. 103, 104, according to one aspect of the
present disclosure. The serial communication circuit 2460 may be an I°C serial
communication interface comprising a multi-masier 2482, multi-slave 2462a, 2462b,
2462¢, single-ended, serial computer bus typically used for attaching lower-speed
peripheral integrated circuils to processors and microcontrollers. The serial
communication circuit 2480 provides a siandard ssrial port used {o communicats (o a
wide variety of commercial off-the-shelf electronic components. The serial
communication circuit 2460 may be employed to communication to/from multiple
components using a single 2-wire serial bus, as described in connection with FIGS. 103

and 104, for example. The serial communication circuit 2460 can be used to interact with
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i“C compatible temperaiure sensors, non-volatile memory (e.g., EEPROMs), mator
controlisrs, analog-to-digital converters (ADC) and DAC (e.g., for tissue sensing, nerve
stimulation, elc)), real time clocks, LCD drivers for displays, and/or position/angle
sensors, for example. In one aspect, the /O processor 2444 shown in FIG. 104 may be
implementad using a circuit similar to the serial communication circuit 2460,

[05671] FIG. 107 is a waveform generator circuil 2470 configured to generate up io 4
synchronous arbifrary digital waveforms 2474 that may be emploved by the system 2400
shown in FIGS. 103 and 104, according to one aspect of the present disclosure. As
shown in FIG. 107, the 4 synchronous arbitrary digital waveforms 2474 generaled by the
waveform generator circuit 2470 are cutput {o various external circuit components 2472,
In one aspect, the waveform generator circuit 2470 may be employed as the PWM
processor 2444 shown in FIG. 104, The synchronous arbitrary digital waveforms 2474
may be employed as custom digital communication protocol {0 the external components
2472. The synchronous arbitrary digital waveforms 2474 also may provide clocks or
othar required signals to the exiernal components 2472 {&.g., to reduce the number of
components required for expanded functionality). The synchronous arbitrary digital
waveforms 2474 also may be provided to DAC converters (e.q., analog reference
voltage, nerve stimulation), blinking LEDs, change tone of a sounder, and/or piezo
driver, for example.

[0572] FIG. 108 is a stepper motor control circuit 2480 configured {o drive a stepper
motor 2482 that may be emploved by the system 2400 shown in FIGS. 103 and 104,
according to one aspect of the present disclosure. The stepper motor conirol circuit 2480
provides stepper motor control for the stepper motor 2482 and can drive a specified
number of steps in a given direction OR drive uniil an external supper switch is thrown.
The stepper motor control circuit 2480 also can conirol ramp rates, speed, number of
steps, etc., configured by the generator 2404 as shown in FIGS, 103 and 104, for
example. In one aspect the motor controller 2446 shown in FIG. 104 may be
implementad as the stepper motor control circuit 2480, for exampis.

[0573] FIG. 108 is a quadrature encoder 2480 for sensing the position of a rotating
disk 2492 that may be emploved by the system 2400 shown in FIGS. 103 and 104,
according to one aspect of the present disclosure. FIG. 110 is a schematic diagram of
the quadrature encoder 2490 shown in FIG. 109, according to the present disclosure.

With reference now to FIGS. 109 and 110, in one aspect the quadrature encoder 2490
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comprises a disk 2492 configured to rotate about a shaft 2494, The disk 2492 comprises
outer slits 2496 and inner slits 2498, whare the outer and inner slits 2496, 24988 are
alternating and where the outer slils 2496 are disposed about an cuter diameter of the
disk 2492 relative to the inner slits 2498, which are disposed about an inner diameter of
the disk 2492, A first light emitter 2401 is positioned on one side of the disk 2482 to
fransmit light through ths ouler slits 2495 {0 be detectsd by a first light detecior 2403
located on the other side of the disk 2482, A second light emitter 2405 is positioned on
one side of the disk 2492 to transmit light through the inner slits 2498 to be delected by
a second light detector 2407 located on the other side of the disk 2492.

[0574] As shown in FiG. 110, as the disk 2482 rotates the light detected at the first
detector 2403 (A) and the light detecied at the second detscior 2407 (B) produce
alternating waveforms 2409, 2411, respactively, that are in guadrature (i.e., 30° out
phase relative to each other). These waveforms 2409, 2411 are provided to a position
encoder circuit 2413 to determine the current position of a mechanism coupled to the
shaft 2494 of the disk 2492, In one aspect, the position encoder circuit 2413 may be the
position encoder circuit 2448 of the confrol circuit 2402 shown in FIG. 104 such that the
control circuit 2402 can determine the cumrent position of a mechanism coupled to the
shaft 2494 of the disk 2492, The current position information can be communicated to
the generator 2404 (FIG. 104) either automatically or upon request of the generator
2404, In one aspect, for example, the quadrature encoder 2492 may be emploved to
determine the position of the knife blade, among others.

[0575] FIG. 111 is a section view of a flexible circuit electrode 2500 comprising a
ssnsing layer 2502 disposed below an electrically insulative layer 2504 (e.g., polyimide,
polvester, fluorocarbon, or any polymeric material, or any combinations thereof), which is
disposed below an slectrically conductive layer 2508, according to one aspect of the
present disclosure. The flaxible circuit electrode 2500 also comprises a knife siot 2508,
With the electronics configuration described in connection with FIGS. 103 and 104, the
control logic 7020 shown in FIG. 113 can be incorporated into the systermn 2400 (FIGS.
103, 104) of the electrosurgical instrument 2420 (FIG. 104) to measure the lemperature
of the end effector clamp. The sensing layer 2502 may comprise a temperature sensitive
device or material such as, for example, a thermocouple, thermistor, or piezoelectric film
that is mounied to the clamp arm between the electrically insulative layer 2504 of the

fiexible circuit and the electrode 2500 on the clamp arm, or any combination thergof.
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Once measured by the system 2400, the temperature can be displayed on an LCD or
LED(s) lit sclidly or blinking to indicats that the temperature is abovs a threshold where
damage fo surrounding tissue could result if the clamp arm comes into contact with this
tissue. The measured temperature could also be ulilized in an algorithm running in the
generator 2404 (FIGS. 103, 104) to adjust the current provided to the RF flexibls circuit
slscirode 2500 to prevent undesirable damage to tissus.

[0576] FIG. 112 is a plan view of a segmenied flexible circuit electrode 2510
comprising four segments 2512a, 2512b, 2512¢, 2512d, according to one aspect of the
present disclosure. In various aspects, the segmented flexible electrode 2506 can be
ssgmented into mulliple zones. Although the example segmented flexible circuit
slscirode 2510 shown in FIG. 111 comprises four independantly controliable sesgments
or zones, a segmented flexible circuit elecirode according o the present disclosure may
comprise at least two segments or zones. One or more of the segmenis 2512a-25124d
may comprise a separate LED to indicale its aclivation status. Accordingly, the RF
energy io ong of the segments 2512a-2512d may be switched on or off indepsndently as
required by an algorithm based on the measured temperaiure. In ons aspect, the
segmented flexible circuit electrode 2506 also may comprise the sensing laver 2502 of
the flexible circuit electrode 2500 as described in connection with FIG. 111, The first
three segments 2512a-2512¢ are separated by a knife siot 2514 and the fourth segment
2512d is incated at the distal tip 2518 of the flaxible circuit slectrode 2510,

[0577] FIG. 113 is a logic diagram 2520 for controlling a segmenied flexible circuit
electrode that may be employed by the system shown in FIGS. 103 and 104, according
to one aspect of the present disclosure. According to one of the logic diagram 2520, a
control circuit 2402, such as the control circuit 2402 described in connection with FIGS.
103 and 104, recsives various inputs such as inputs from a temperature sensing layer
2502 disposed on a flexible circuit electrode 2500, 2510 as described in conneclion with
FIGS. 111 and 112. The conirol circuit 2402 also may receive an energy
activation/deactivation signal from a swilch dispossd on the electrosurgical instrument.
As shown in FIG. 113, the controf circuit 2402 receives a signal from the swilch {o fum
on 2522 or activate the RF energy. The conirol circuit 2402 provides 2524 a command to
turn on the RF energy and thus elecirical current flows to the flexible circuit electrode
2500, 2510 1o treat tissue. The control circuit 2402 monitors the temperature of the

fiexible circuit electrods 2500, 2510 by monitoring the temperature sensing layer 2502.
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The control circuit 2402 indicates 2526 the measured temperaturg either by turming on or
off selected LEDs or simply displaying the temperature on a LCD. The control circuit
2402 compares 2528 the temperature {o a predetermined valus and when the
temperature exceeds a predetermined threshold, the process continues along Yes
branch to reduce 2530 the current to the flexible circuit electrode 2500, 2510. At which
point, the control circuit 2402 may indicate 2532 the over temperature condition by
turning an LED on, blinking the LED, changing the color of the LED, displaving change
or temperature or some other message on the LCD. When the temperature does not
exceed the predetermined threshold, the process continues along No branch to maintain

2534 the current level.

D. Flexible Circuit Electrode For Swilching And Confrolling Dala Siorage

[0578] In various aspects, the flexible circuit electrode for switching and controlling
daia siorage may be configured o stors use data for root cause investigation. Utilizing a
flex circuit elacirode, sensors, and a controlier (ASIC, Microprocessor, or FPGA),
additicnal inputs and output controls may be enablad. Sloring this information in the
device handle, or generator, would allow users that are performing a root cause
investigation on a returned device, full access to the detailed inputs and oulputs that

were utilized with the instrument during the procedure.

£, Multi Laver Flexible Circuit Electrede Including Embedded Mechanical Temperaturs
Switch

[0579] FIGS. 114-118 illusirate a machanical temperature switch embedded in a
multi layer flexible circuit slectrode to implement flexible circuit switching electrodes
based on the bimetal temperature principle, according to one aspect of the present
disclosure. FIG. 114 is a cross section view of a multilayer flexible circuit electrode 2600
comprising a mechanical swilch in the form of a dome 2602 disposed on the lowest layer
2804 of the multilayer flexible circuit elecirode 2600 in a non-contact stats, according o
one aspect of the present disclosure. The dome 2602 is configured o expand and
contract in response {o changes in temperature. For example, in one aspect the dome
2602 may expand in response {o an increase in temperature and in another aspect, the
domes 2602 may confract in response to a decrgass in temperature. The temperature
control slement, such as the dome 2602, is thus incorporated into the flexible circuit

electrode 2600 for electrosurgical device applications. The dome 2802 mechanical
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swiich is embedded in the layers of the multilayer flexible circuit electrode 26800, In the
exampie shown in FiG. 114, the dome 2802 expands to make conlact when a
predetermined temperature is reached. Using a mullilayer flexible circuit elecirode 2604,
a contact dome 2602 is placed on the lowest layer 2604, In a low temperature state, the
dome 2602 does not make contact with a circuit on an adjacent layer 2606. When the
femperature increase, the dome 2602 expands and makss elscirical contact with a
circuit on the adjacent layer 2606. FIG. 115 is a lower plan view of the multilayer flexible
circuit electrode 2600 shown in FIG. 114, according to one aspect of the present
disclosure. FIGG. 116 is an upper plan view of the multilayer flexible circuit elecirode 2600
shown in FiG. 114, according to one aspect of the present disclosure.

[0580] FIG. 117 is a cross section view of the mullilayer flexible circuit electrode 2600
showing the dome 2802 disposed on the lowest layver 2604 of the multilayer flexible
circuit electrode 2600 in an electrical contact state, according {o one aspect of the
present disclosure. As shown in FIG. 117, the dome 2802 is in an expanded state and in
is elsctrical communication with a circuit on an adjacent layer 2606 of the multilayer
flexible circuil elecirode 2600.

[0581] FIG. 118 is a cross section view of a muliilayer flaxible circuit electrode 2610
comprising a mechanical switch in the form of a spring 2612 disposed on the lowest
layer 2614 of the multilayer flexible circuit electrode 2610 in a non-contact state,
according to one aspsci of the present disclosure. The spring 2612 is configured to
expand and contract in response to changes in temperature. For example, in ong aspect
the spring 80012 may expand in response 1o an increase in temperature and in another
aspect, the spring 2612 may contracl in response o a decrease in temperature. The
temperature control element, such as the spring 2612, is thus incorporatsd into the
flexible circuit electrods 2610 for electrosurgical devics applications. The dome 2812
mechanical swilch is embedded in the layers of the multilayer flexible circuit electrode
2610, In the example shown in FIG. 118, the spring 2612 expands to make contact when
a predstermined temperature is reached. Using a multilaysr flexible circuit electrode
2810, a contact spring 2612 is placed on ths lowsstlayer 2614, In a low tempsrature
stale, the spring 2612 does not make contact with a circuit on an adjacent layer 2616.
When the temperature increase, the spring 2612 expands and makes electrical contact

with a circuit on the adjacent layer 2616.
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F. Segmenled Flexible Circuit Electrode Including Sensor Configured Te Provide
Feedback To A Molcrized Knife Control Circuit To Control Position Of Motorized Knife

[0582] FIGS. 119-121 illustrate a segmented flexible circuit electrode 2700 including

a sensor configured to provids feedback to a motorized knife conirol circuit for controliing

the position of the motorized knife 2702, according 1o ong aspect of the prasant
disclosure. Position conirol of the knife 2702 may be implemenied utilizing the control
circuit 2402 of the electrosurgical instrument 2420 control system 2400 described in
connection with FIGS. 103 and 104 and the position and molor controlled circuits
described in connsclion with FIGS. 108-110, for example. The motorized knife 2702 is
configured to reciprocate within a knife slot 2708.

[0583] The segmenied flexible circuit electrode 2700 comprises four separate and
distinct electrode segments 27044, 2704b, 2704c¢, 2704d that can be independently
energized. Each of the electrode segments 2704a, 2704b, 2704c¢, 2704d comprisss
sansor elements 2708a, 2708b, 2708c¢, 2708d to detsct tissue pressncs and/or issue
seal. The sensor elements 2708a-2708d may comprise pressure or thermal sensors to
detect tissue presence and tissue seal may be determined by tissue impedance
feedback techniques. The sensors 2708a-2708d may be embedded in or disposed on
the segmenied electrode elements 2704a-2704d, respectively. For example, prior {o
applying energy to ths lissue via one of the segmentsd flexible electrode segmenis
2700a-2700d the tissus is rich in moisture and the impedance of the lissue is very low.
Applying RF energy to the tissue to effect a seal desiccates the tissue making it less
conductive and thus increases the tissue impedance. Upon compistion of the ssal, the
desiccated tissue will generally have a very high impedancs. Impedance may be
measurad by the control circuit 2402 by measuring the drive currant through the
segmented flexible electrode segments 2700a-2700d and the voltage between the
segmented flexible electrode segments 2700a-2700d and a return path.

[0584] The conirol circuit 2402 employs feedback from the sensor elements
{pressure, thermal) and the tissue impedance msasuramenis o conirol the posilion of
the motor driven knife 2702, In one aspect, for example, the control circuit 2402 will drive
the knife 2702 only as far as tissue is located within the jaw of the end effector. This
technique provides knife 2702 travel along the knife slot 2706 permitting simultaneous
cutting and sealing of tissug while preventing the knife 2702 from advancing distally

along the slot 2708 until the pressure or thermal sensor 2708a-8088d “detects” the
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presence of tissue within the jaws of the end effactor and/or further detecting when a
tissue seal is effected by measuring the tissue impedance.

[0585] FIG. 119 illustrates the segmented flexible circuit electrode 2700 where only
the proximal electrode segment 27042 is activated, according to one aspect of the
present disclosure. The proximal electrode segment 2704a is aclivated once tissue {not
shown for clarnity of disclosure) is detectad by the pressure or thermal ssnsor 2708a
located in the proximal elecirode segment 2704a. Activation of the proximal electrode
segment 27042 seals the tissue and signals the control circuit 2402 (FIG. 104) {0
advance ths motor controlled knife 2702 is contained longitudinally to coincide with the
proximal electrode segment 2704a by the conirol circuit 2402 (FIG. 104). A pressure
sensor 270832 located in the proximal electrode segment 2704a detects the presence of
tissue. The control circuit 2402 receives the feedback signal from the sensor and
activates the proximal electrode segment 2704a. The control circuit 2402 advances the
knife 2702 along the exient of the proximal slectrode segment 2704a upon receiving ths
tissue presence feedback signal from the prassure sensor 2708a. AHernatgly, ths
feedback signal to the control circuii 2402 is provided by a thermal sensor 2708a that
indicates the completion of a tissue seal. Upon receiving the lissue seal feedback signal,
the control circuit 2402 advances the knife 2702 along the exient of the proximal
giscirode ssgment 27042 where the tissue is located. Once lissue is detecied, the
proximal electrode segment 2700a is ensrgized {0 seal the tissue and the knife 2702 is
advanced through the slot 2706,

[0586] FIG. 120 illustrates a segmenied flexible circuit electrode 2700 where the
intermediate eleclrode segment 2704b is activaled, according to one aspect of the
present disclosure. The motor controiled knife 2702 is now exiended beyond the extent
of the proximal electrode segment 2700a and extsnds longitudinally into the intsrmediate
electrode segment 2700b by the conirol circuit 2402 (FIG. 104). As previously
discussed, advancement of the knife 2702 into the intermediate electrode segment
2700b is conirolled by the control circuit 2402 when tissue is detected in the intermediate
slgcirode ssgment 2700b. Ones tissus is detecied by the sensor 2708b, the proximal
electrode segment 2700b is energized to seal the tissue and the knife 2702 is advanced
through the slot 2706,

[0587] FIG. 121 illustrates a segmenied flexible circuit electrode 2700 where the

distal eiecirode ssgment 2700c¢ is activaled, according to ong aspect of the present
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disclosure. The moilor controlled knife 2702 is now sxiended beyond the extent of the
proximal and intermeadiate slectrode segments 2700a, 2700b and extands {ongitudinally
into the distal electrode segment 2700c¢ by the control circuit 2402 (FIG. 104). As
previously discussed, advancement of the knife 2702 into the distal electrode segment
2700c¢ is controlied by the controi circuit 2402 when fissue is detected in the intermediate
slgcirode ssgment 2700b. Oncs tissus is detected by the sensor 2708¢, the distal
electrode segment 2700c is energized {0 seal the tissue and the knife 2702 is advanced
through the slot 2706,

[0588] it wili be appreciated that when tissue spans two or more elecirode segments,
the two or more electrode segments will be activated and the knife 2702 will be driven
forward by the motor under control of the conidrol circuit 2402 (FIG. 104}, Further, the
distal electrode element segment 2704d alse may comprise a sensor 2708d and may be
energized independently whether or not tissue is detected by the sensor 2708d at the

location of the distal tip.

G. Multi-Zone Segmented Flexibls Circuil Elecirode Configursd To Culput Different
Algorithms And Treal For Each Of The Zones Independently

[0589] FIG. 122 illustrates a muiti-zone (1, 2, 3) segmenied flexible circuit electrods
2800 configurad to output different algorithms for sach of the zones 1-3 and ireat tissus
in each of the zones 1-3 independently, according to one aspect of the present
disclosure. The disclosed multi-zone segmented flexible circuit electrode 2800
comprises three separate elecirode segments 2802a, 2802b, 2802¢ that defines three
separaie and independently activatable zones 1-3. A different algorithm can be
outputied to sach of the electrode segments 28028-2802¢ in each zons 1-3 to treat
fissue located in each of the different zones 1-3 independently based on lissue type.
Since tissue is not homogenous, the disclosed multi-zone segmented flexible circuit
electrode 2800 enables the electrode segmaents 2802a-2802¢ to apply a different
algorithm in different zones 1-3 {0 enable at least three different types of lissus o be
treated therapeutically differently.

[0590] In an effort to achieve an algorithm that is suitable for treating a variety of
tissue types, the muiti-zone segmentad flexible circuit elecirode 2800 technique enables
the treatment of tissue iocated in zones 1, 2, or 3 in a full byte of the jaw assembiy
differently. Thus a diffsrent algorithm can be employad {o ireat each tissue type and

output multiple algorithms simultanesusly for an oplimized outcome. Accordingly, the
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disclosed multi-zong segmentsd flexible circuit electrode 2800 enables the selective
treaimeant of tissue within zones 1-3 to oplimize tissue sealing and reduce thermal
damage.

[0591] The multi-zone segmented flexible circuit electrode 2800 can be layered and
function independently. Utilizing tissue sensing technigques, each electrode segment
2802a-2802¢ can then oulput a separate algorithm that is specifically configured for the
tissue that is being trealed in that zone. Traating zones 1-3 independenily provides
optimized tissue effects and minimize unintended damage. 1 will be appreciated that the
muiti-zone segmented flexible circuit slectrode 2800 may comprise at least two electrode
ssgments 2802a-2802b and in other aspects may comprise more than three slectrode

segments 2802a-2802¢c, without departing from the scope of the present disciosurs,

H. Technigue For mplementing A Multiplexer With Flexible Electronic Circuits To
Provide Improved Control Methods

[0592] FIGS. 123-124 illustrate a technique for implementing a multiplexer 2900 with
flexible electronic circuits to provide improved control methods, according to one aspect
of the present disclosure.

[0593] FIG. 123 illustrates a two ling multiplexer 2800 (MUX) implemented with
flexible electronic circuits, according o ong aspect of the praseant disclosure. A
multiplexer is a device that selects one of several analog or digital input signals and
forwards the selected input info a single oulput line. Generally, a multiplexer may
comprise n select lines o select 27 input lines to send to a single output line. For the
mudtiplexer 2980 (MUX), n=2, thus two input seleci lines 80, 81 ars used to multiplexed
inpuis provides 2° = 4 select fines {1-4) that are forwarded to a single output fine
(Outpud). A mulliplexer can increase the functionality of an electrosurgical instrument
over a fixed hardware environment. Accordingly, in one aspect, the multiplexer 2800
may be smployed to swilch algorithm controf between RF and ultrasonic energy in an
slscirosurgical instrument.

[0594] In one aspect the control circuit 2402 (FIG. 104) of the generator 2404 (FIG.
104) has eight inputs/outputs. If one input is dedicated to a single activation bution,
seven inputs remain available to a multiplexer to provide 2'=128 different combinations
of lines that can be selected io forward 1o a single output line. This mulliplexer

configuration can simplify the use of iransistors or relays {0 act as switchas on power
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lines, to enable/disable undesired lines. The multiplexer, however, can be ussad for more
than just the power lines and can be used for signal lines as well.

[0595] FIG. 124 illustrates a jaw configuration 2910 with independently actuatable
electrodes 2912a-2912h, according to one aspect of the present disclosure. A knife slot
2914 is provided between banks of independently actuatable electrodes 2912a-2912h
and a distal lip electrods 2816, which also can be independeantly actualed. A flexible
electronic circuit based mulliplexer can be emploved to select multinle outpuis {o the
segmented electrodes 2912a-2912h. This technique provides additional output control
for twurning on and off additional features of the electrosurgical instrument by making use
of flexible circuit electrode elecironics, specifically sensors, ransducers and more.
[05968] Referring now to FIGS. 123-124, in various aspects, a 128-1o-1 a multiplexer
can selact one of 128 combinations of lines for switching on and off based on eight input
select lines. The mulliplexer configuration can enable muitiple combinations of the
segmented elecirodes 2912a-2912h to sense tissue prasence, provide profile of
impedance in tissue, belter characterize tissue, datermine orientation in the jaw, provide
“‘smarter” swilching between ultrasonic and RF, apply heat only in low impedance
sections of tissue insiead of across entire load in jaws to improve speed or reducs
charring/inadvertent burning, better allow spot coagulation and scoring and use the
muitiplexer for auto-detection and provide a separate swilch that the user presses,
energize sasgmented slectrodes. Additionally, the mulliplexer configuration can tum
sensors or transducers on/off, enable or disable a multi-transducer model, apply power
to and read force sensors, pressure sensors, and temperature sensors, determine
upperology of tissue. The muitiplexer configuration aiso can turn lights or LEDs on/off
and make beiter use of butions, among other features.

[0597] In some aspects, employing a multiplexar in combinations with the segmented
electrode 2910 provides mulliple combinations of slectrodes to limit the number of power
transistors or isolation relays by putling a2 single transistor or relay on each output of the
multiplexer which can be locaied by the control circuit 2402 (FIG. 104). The oulput of the
iransistors or relays can be on the hand switch circuit, which can then allow for the
portion of the flexible circuit to go down the shaft of the instrument. In other aspects, a
multiplexer may enable the user to imitate monopolar RF operation when the tip
electrode 2916 only activated or when the sides of the segmented electrode 2910 are

electrified. in yet othsr aspects, a multiplexer may be provided advanced bipolar RF
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anargy such that the generator 2404 (FIG. 104) can switch through slectrode pairs {0
atlow the gsansrator 2404 to identify where the tissus is locatad in the jaws. Also, the
generator 2404 can identify impedances o know when all of the tissue or only a portion
of the tissue requires additional energy or more time effect a seal. This technique can be
employed {o activate only on sections of tissus that need to be activated upon or when a
short circuit is present, the generator 2404 can switch to ultrasonic ensrgy drive.
Additionally, there are other ultrasonic techniques io determine the occurrence of a frue
short circuit versus the presence of low impedance tissue (frequency changes on metal,
in addition to auditory change from metal-on-metal contact). Finally, in one aspsect, when
the tissue impedance is greater than the termination impedancs but less than an open
circuit impedance across all elscirode combinations, ultrasonic energy may be deliversd

by the generator 2403 {o effect the seal rather than bipolar RF energy.

i. Flexible Circuit Segmented Electrode Including inner And Quter Malerials Having
Different Thermal Conductivity Propertias For Altering Tissue Effects

[0598] FIG. 125 illustrates a flexible circuit segmented electrode 3000 comprising an
inner material 3002 and an outer material 3004 that have different thermal conductivity
properiies for altering tissue sffects, according to one aspect of the present disclosure.
The inner and outer materials 3002, 3004 are disposed on an slectrically insulative film
3006 (e.g., polvimide, polvester, flusrocarbon, or any polymeric material, or any
combinations thereof). The flexible circuit segmented electrode 3000 may be mass
produced for slectrosurgical instruments. The inner and outsr materials 3002, 3004 ars
bonded {0 the electrically insulative film 3008 backing to produce a sub-assembly. Ths
inner and suter materials 3002, 3004 can be produced by laminating metallic sheeis o
the slectrically insulative film 3006. The shape of the elecirode can be formed by screen
printing a protective barrier to the metallic film. This protective barrier permits the shape
of the inner and outer materials 3002, 3004 to be formed by photoetching away the
remaining matsrial which doss not make up the final shaps of the inner and outer
materials 3002, 3004. Finally the flexible circuit segmented elecirode 3000 is die-cut out
leaving an electrode sub-assembly that can be bonded to the jaws of the end effector.
The electrically insulative film 3006 can have an adhesive or a braze-able surface on the
back side of the elecirically insulatlive film 3006 thus allowing for means of attachment to

the lower or upper jaw glements depending on the davice jaw construction.

101



WO 2017/146902 PCT/US2017/016919

[0598] Separation of the electrode 3000 with different matsrials 3002, 3004 permits
different impedance and power levels to be controlled. The inner and outer materials
3002, 3004 may be selected to have different heating characteristics such that either the
inner material 3002 or the outer material 3004 faster than the other. For example, the
thermnal affectsd zone may be reduced by sslecting an inner material 3002 that heais

faster than an outsr material 3004,

XVY. PRESSURE SENSING
A. Flexible Circuit Electrode Including Intearaled Pressure Sensor
[0600] FIGS. 126-130 iliustrates an integrated thin flexible circuit electrode 3100

comprising a pressure sensor 3102 integrated with the flaxible circuit electrade 3100,

according to one aspsct of the present disclosure. FIG. 126 illustrates a thin and flexible
circuit electrode 3100 comprising a swiiching pressure sensor 3102, according fo one
aspect of the present disclosure. A pressure sensor 3102 (such as a thin flexibie sensor
known under the tradename TEKECAN) is attached (g.g., laminated) to ths one side of
an elecirically insulative laver 3104 {s.g., polyimide, polyester, fluorccarbon, or any
polymeric material, or any combinations thereof) of the flex circuit elecirode 3100, The
other side of the electrically insulative layer 3104 comprises electrically conductive
traces 3106 made of copper, silver, goid, and similar conductive element s or alloys. A
knife slot 3108 is provided such that the knife can reciprocate therein. The thin and
flexible circuit electrode 3100 comprising a switching pressure sensor 3102 can enable a
closed loop system in the device where the control circuit 2402 (FI1G. 104) reads the
pressure in the jaw elemenis of the end effecior to adjust the duty cycle and/or current of
the drive energy. When the pressure is iow, the control circuit 2402 can apply more
power without any additional programming required in the generator 2404 {(FIG. 104).
[0601] FIG. 127 is a lowesr plan view of the flexible circuit electrode 3100 shown in
FiG. 126 showing the pressure sensor 3102, according to one aspect of the present
disclosure. FIG. 128 is a side view of the flexible circuit electrode 3100 shown in FIG.
128 with an embeddsad pressure sensor, according to one aspect of the present
disclosure. FIG. 129 is a plan view of the flexible circuit slectrode 3100 shown in FIG.
126 with a tissue bundle 3110 present thereon, according to one aspect of the present
disclosure. FIG. 130 is a plan view of the flexible circuit electrode 3100 shown in FIG.

126 with a vessel present 3112, according o one aspect of the present disclosure.
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[0602] With reference now io FIGS. 126-130, the thin flexible pressure sensor 3102
can be integrated with a flexible circuif electrode 3100 to drive a gensrator based on
load feedback. For example, an RF generalor feedback can be cusiomized based on a
pressure profile/compression in the end effector jaws. In one aspect, the thin flexible
pressure sensor 3102 may be in the form of a2 tape (such as the type provided by
TEKSCAN) is integrated with a flexible layered circuit glectrode 3100 to enable detaction
of a pressure profile in jaw/compression force and drive the RF generalor in response
thereto based on the fissue type. For example, when a large bundie of tissue is
detected, the RF generator is driven at greater power and when a small vessel is
detecied in the center of the jaws, the RF generator is driven according to a sealing

atgorithm.

B. Flexible Circuit Electrode Including Inteqraled Pressure Sensor To Localize Or Adiusi
Closure Pressure

[0603] The integrated thin flexible circuit electrode 3100 comprising a pressure
sensor 3102 described in connection with FIGS, 126-130, may be emploved to localize
or adjust closure pressure by controlling the force on the tissue and pressure regulation
using the pressure sensor 3102 feedback to the controi circuit 2402 (FIG. 184). in other
aspects, a flaxible circuit electrode may incorporate single, or multinle separate layers
that include small bimetallic discs, interfaced with a current delivering wire. As current is
applied to the disc, it heats up, and the bimetallic layer causes it to expand. As it
expands, the jaw or slectrode would deliver more compression in that area of the jaw.
Additionally, utilizing multiple layers, or seleclively isclatad sections of a single layer
provides a selectably conirolled closure force at unique points of the jaws. This sysiem
could be used in conjunction with other systems to generaie many different desired
outcomes. Some possible implementations are described below:

[0604] In one aspect, a dynamic pulse closure pressurs technigue may be employed.
An initial very heavy closure force on aclivation to ensure mechanical movement of
musculature layer is provided before easing off to slow transection to generate optimum
hemostasis.

[0605] In another aspect, a layer of different compression profiles in different sections
of jaw may be enabled to selectively engage tissue. One example is {o create high tip
compression whan not activating the device to generate good grasping, and then reduce

it during energy activation to ensure uniform treaiment.
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[0608] In yet another aspect, on sither the same of different layer, a wire mash may
be arrangsd {o simulate a sirain gauge in series with the bimstallic disc system. As &
section receives additional pressure from tissue resistance or other closure load, if will
deform the strain gauge, increasing its resistance. This resulls in less current for the
discs, reducing the force that they will produce. This feature will colisclively allow the
device to aulomatically balancs the closure pressure uniformly along jaws.

[0607] In another aspect, a layer of different discs in patlerns radiating oulward from
blade or cut location are provided. Pressure is initially pulsed, to start inward and then
moves oulwardly o faciiitate fluid transfer outward away from the upcoming cut, thus
allowing the electrosurgical instrument to apply energy directly {0 tissue without excess

ftuid at or near the cut line.

C. Flexible Circuit Electrode Including Selective Electrode Zones (1-3) Activation
Emploving Piezoslectric Pressure Detaction

[0608] FIGS. 131-133 illustrate a flexible circuit electrode 3200 comprising selective
electrode zones (1-3) activation employing piezoelectric pressure detection, according o
tone aspect of the present disclosure. FIG. 131 illustrates a segmenied flexible circuit
eiscirode 3200 divided into three activation segmenis 3202a, 3202b, 3202¢, and a knife
slot 3218, according o ong aspect of the presant disclosure. FIG. 132 is a section view
of the segmented flexible circuit electrode 3200 shown in FIG. 131 showing an layer
electrode 3204, a circuit layer 3206, a piezoelectric ceramic sensor layer 3214,
according to one aspect of the present disclosure. FIG. 133 schematically Hiustrales a
load pressure 3210 from fissueg being applied to the electrode segmeants 32023, 3202h
{sections 2-3) and a reaction pressurs 3211 applied to underlying ceramic piszoslectric
sensors 3208b, 3208¢, according to one aspect of the present disclosure.

[0609]  With reference to FIGS. 131-133, in one aspect, the piezoelectric ceramic
ssnsor layer 3214 comprises piezoeiectric ceramic sensors 3208a, 3208b, 3208¢ are
located in corresponding segmenied slectrodes 3202a, 3202b, 3202¢ in sections 1-3 of
the electrode 3200. The piezoelectric ceramic sensor laver 3214 is localed below sach
defined electrode segments 3202a-3202¢ or zones (1-3). As pressure is applied to the
eisctrode 3200, the underlying ceramic piezoelectric sensors 3208a-3208¢ detect the
pressure applied in the sections 1-3. The electrode segments 3202a-3202¢ of the
slscirode 3200 are then activaied or enabled. For exampis, as tissue coniacts sections 2

and 3 of the distal tip 3212 of the elecirode 3200, the electrode segments 3202b and
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3202¢ in sections 2 and 3 are gnabled while the electrode 3202a in section 1 remains
inactive.

[0610] The two electrode segments 3202b, 3202¢ are aclivated when a voltage
difference AV, produced by the tissue load pressure 3210 is applied to the two elecirode
ssgments 3202b, 3202¢ and a reaction pressure 3211 is applied to the two piezoelectric
ceramic sensor 3208b, 3208¢ and to sections 2-3. The voltage difference AV developed
is response to the applied pressure 3210, 3211 is detected by the control circuit 2402
(FIG. 104). In one aspect, the flexible circuit electrode 3200 is configured such that the
elsctrode ssgments 3202a-3202¢ can be selectively enabled only where tissue is
located thereon. This technique minimizes heat generation in non-lissue containing
sections. In various aspecis, addilional sections can be utilizad as needed.

[0611] In one aspect, the flexible circuit electrode 3200 is coupled io the control
circuit 2402 (F1G. 104) that selectively aclivates sections 1-3 of energy delivery by
activating the slectrode segments 3202a-3202¢ based on pressure sensed by the
piezoelsciric ceramic sensor 3208, Ths flexible circuit elecirode 3200 incorporates the
piezaslectric caramic sensor 3208 to delect pressure in a finite number of sections (1-3).
Pressure applied o the on this piezoelectric ceramic layer 3208 indicaies the presence
of tissue in the jaws in that specific section due {o the delta voltage created by the
applied pressure. This section is then allowed o be active. Sections where no tissug is

presant remain inactive and heat generation is mininized.

XVI. TEMPERATURE SENSING
A. Flexible Circuit Electrode Including Embedded Optical Temperature Sensor
[0612] FIGS. 134-136 illusirate an optical temperature sensor 3300 embedded in 2

flexible circuit electrods 3302 according to one aspect of the present disclosure. FIG.

134 is a plan view of an oplical temperature sensor 3300 embedded in the flexible circuit
electrode 3302, according to one aspect of the present disclosure. FIG. 135 is as section
view of the optical temperature sensor 3300 embedded in 2 flexible circuit electrode
3302 taken along section line 135--135 as shown in FIG. 134, according {o ong aspect of
the present disclosure. The optical tempsrature sensor 3300 comprises a flexibis circuit
electrode 3302 with a light pipe 3304 embedded therein. The embedded optical
temperature sensor 3300 can be incorporated in the flexible electrode 3302 by printing a

light pipe 3304 of a high index transparent material on a subsirate 3310 with a lower
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index of refraction. A photodiode 3306 and an LED 3308 light source are fixed and
optically coupled at each end of the light pipe 3304, Measuring the amount of
fransmitied light can be used {o measure temperature. The flexible circuit electrods 3302
also defines a knife slot 3314 {o enable a knife to reciprocate therealong.

[0613] As shown in FiG. 135, the light pipe 3304 is disposed on a substrate 3310 and
is coverad by a complaint material 3312, The optical temperature sensor 3300 can bs
embedded in the flexible electrode 3302 by printing a light pipe 3304 of a transparent
material with a refraction index higher than the index of the substrate 3310. The light
pipe 3304 is covered with the compliant material 3312 having a lowsr refraction index
than that of the light pipe 3304, This way the squivalent of an optical fiber is achieved.
The light fransmitted by the light pipe 3304 depends on the refraction indices of the
substrate and compliant materials involved. The refraction indices depend on
temperature, thus allowing temperature measurement.

[0614] In one aspect, the optical temperature sensor 3300 works on the principle of
variation of transmitted light through an optical fiber, e.g., the light pipe 3304, dus {o
changes of the index of refraction with temperature. The embedded optical temperature
sensor 3300 enables monitoring the temperature of the flexible circuit electrode 3302
during tissue sealing operations. During sealing, the flexible circuit electrode 3302 may
overheat, causing damage {o adjacent tissue. Feeadback of electrode temperature to the
control circuit 2402 (FIG. 104) can be used o adjust the RF power applied to the flexible
circuit electrode 3302. This also permits minimizing damage 1o neighboring tissue.
[0615] FIG. 136 is a schematic of a bent fiber section 3320 curved with a radius of
curvature R, according to one aspect of the present disclosure. FIG. 136 shows a
schematic of a curved multimods step index optical fiber [19]. The radius of curvature is
R and the core diametsr is 2pcoe. | ne refractive indices of the core and cladding are
Neore, AN Nepaang, FeSpectively. Optical power is launched at the beginning of the
rectilinear region of the fiber. The geometrical description of the core rays in a step-index
optical fiber is more complex than in a planar waveguide [20], dus to the presence of the
skew rays. The guidance of the core rays is achieved by ensuring that the propagation
angle, «, satisfies the condition: 0 £ a £ g, where the critical angle {g.) is given by: g, =
sin"i(nc,addmg/ncgre). The expression of the numerical aperiure (NA) for the reclilinear
region is given by:

- 1/2
JA =7 - gi < (2 2 £
[06186] NA = figpre * SING < (fgre ”c;‘.addmg) (1)
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[0617] However, in the bend optical fiber, the guidance of the core ravs can follow
two ways. Only the rays entering the bent part of the fiber in the meridional plane remain
with the same angle of incidence along a given ray path. On the other hand, the skew
rays entering this plane after the successive reflections within the core, do not follow a
simple repeatabie paitemn because of the asymmetry introduced by bending the fiber.
So when the optical fiber is bant, the local numsrical aperture changes at a given
location of the bent optical fiber. The dependence of the numerical aperture with the

bend is given by [19]:

y
2 - 2772
[0618] NAR.p, &) = figore 11 _ Méiagaing ( R¥poore ) }

fipre \R—pcosp/) | @
where ¢ is the ray angle atl the beginning of the bend, which varies from 0° to 180°, peore
is the fiber core radius and p is the radial position in the core satisfying the relation 0 £ p
2 Peore

[0619] The optical fiber sensor proposed in this paper is based on a macro-bend
POF. In this intensity sensor, the losses induced by the bending effect depend on the
numerical aperiure, that change with femperature. The refractive index of the core and
cladding POF depend on the temperature. The POF usad in the experimenis is a
Rayon® Eska® SH-4001 (Mitsubishi, Tokyo, Japan) with core and cladding manufactured
using polymethyl methacrylate (PMMA) and fluorinated polymer, respectively. The
temperature dependence of the core refractive index can be expressed as [21]:

[0620] 7y, (T) = Ky -T2 + Ky - T + np{3)

where K; = -1.15:107*°CY" is the thermo-optic (TO) co efficient of the core, K, = -
5173-107(°Cy? is the second order temperature dependence term of the core and ng =
1.48538 is the core refractive indsx at 0 °C. On ths other hand, ths tempsrature
dependence of the cladding refractive index is given by [22.1

[0621]  niaaing(T) = Neiadaing (To) + Kz - (T — Tg) (4)

where Kz = ~3L5~1G”4(°C}"‘ is the TO coefficient of the cladding and Noiagang{To) = 1.403 i
the cladding refractive index at the reference temperature (To = +25 °C)

[0622] It can bs seen that [Ki>|K,]. Finally, from Equation (2), the local numerical

aperiure in the bent section of the fibsr versus the temperature can be expressed as:

1/
12

N iqaaing(T) ( R+peere )q] (5)

Z N s
Neore{Ty \R—peosdg

[0623]  NA(T,R, 5.3} = ngore(T) [1 -
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[0624] A detailed explanation of a similar sensoris givan in the attachsd arlicle. A
Temperature Sensor Based on a Polymer Optical Fiber Macro-Bend, Alberto Tapstado
Moraleda, Carmen Vazquez Garcia, Joseba Zubia Zabalia and Jon Arrug, Sensors
2013, 13, 13076-13089; doi:10.3380/s131013076; 1IS5N1424-8220.

B. Flexible Circuit Bladder Senser For Sensing Pressure And Tempsrature
[0625] FIGS. 137-138A illustraie a flexible circuit bladder sensor 3400 for sensing

pressure and temperature, according 1o one aspect of the present disclosure. FIG. 137

is an exploded view of the flexible circuit bladder sensor 3400, according to one aspect
of the present disclosure. FIG. 138 is an elevation view of the flexible circuit bladder
sensor 3400 attached {0 a jaw membsar 3410 of an end effector, according to one aspect
of the present disclosure. The flexible circuit bladder sensor 3400 is configured {o
measure force during closure and measure temperature during treatment using a
bladder element 3402 adhered to the back side 3404 of a flexible circuit electrode 3406,
The back side 3404 of the electrode 3406 comprises a plastic flaxible layer usually made
of an elecirically insulative material {(s.g., polyimide, polyester, fluorocarbon, or any
polymeric material, or any combinations thereof). The other side of the electrode 3406 is
the tissue contacting side 3408. As shown in FIG. 138, the flexible bladder element 3402
is located somewhere on the tissue contacting portion of the flexible circuit in order to
sanse pressure changss when tissue is contacted, clamped, and treated. In ons aspect,
the actual pressure sensing element {e.q., pressure sensing element 3434, see FIG.
138A) can be co-located on the flexible circuit. In other aspects, however, the pressure
ssnsing slement can be located somewhere else in the device.

[0626] The fiexible circuit bladder sensor 3400 can be configured to measure force
during closurg and temperature during treatment employing a flexible micro bladder
slement 3402 adhered to the back side 3404 of a flexible circuit electrode 3406, Thus,
both force and temperature can be measured on the flexible circuit electrode 3406 in an
electrosurgical device, as referenced herein.

[0627] In one aspect, the flexible bladder slement 3402 may be fabwicated by
adhering a flaxible shast to the back of side 3404 of a flexible circuit elactrode 3406 {0
create a flexible bladder element 3402 of any desired shape, size, or location on the
electrode 3406 area of the flexible circuit 3406. in one aspect a tube 3412 is formed

betweaen the flexible sheet and the back side of the flexible circuit elecirode 3406. The

108



WO 2017/146902 PCT/US2017/016919

iube 3412 and the bladder element 3402 are in fluid communication and define a
volumes. The bladdsr elament 3402 and the tube 3412 may be formed as a single piece
unit. in another aspect, the tube 3412 may be formed using two flexible sheets.

[0628] The flexible bladder element 3402 is in fluid communication with the tube
3412, which is configurad to transmit the pressure in the bladder elemsnt 3402 to a
pressure sensing element of a circuit 3420 via an open end 3414 of the tubse 3412, The
open end 3414 is sealed o the input port 3422 of the pressure sensing integrated circuit
3420. Thus, the pressure is contained within a closed system. The tube 3412 exiends to
a point where the pressure sensing integrated circuit 3420 is located. In one aspect, a
pressure sensing integrated circuit 3420 is attached to the flexibie circuit electrode 3406
and converts the pressure o an elecirical signal. in one aspeact, the pressure sensing
integrated circult 3420 may be mounted on the surface of the flexible circuit electrode
3406.

[0629] In operation, when the jaws of the end effecior ars closed, the bladder 3404
compresses and increases prassure in the tubs 3412 creatad by the flexible sheet
against the back side 3404 of the flexible circuit slectrode 3406. When the temperaiurs
increases, the pressure increases in the bladder and therefore senses pressure at jaw
closure and temperature during freatment. The circuit is in communication with the
control circuit 2402 (FIG 104).

[0630] FIG. 138Ais a section view of the pressure sensing integrated circuit 3422,
according to one aspect of the present disclosure. The pressure sensing integrated
circuit 3422 comprises an input port P1 to receive the input pressure from the tube 3412
and a second port P2, which is normaily open to atmospheric pressure, but can be
closed to a vacuum 1o measurs absolute pressure applied o the input port P1. The
pressure sensing intsgrated circuit 3422 comprises flusrosilicons gel die coat 3424
disposed over an integrated circuit die 3426, A stainless sleel cap 3428 and a
thermoplastic case 3430 enclose the die 3426 and pressure chamber. The die 3426 is
bonded 3432 to the thermoplastic case 3430. The die 3426 comprises a differential
pressure sensing element 3434, As pressurs is applied o port P1, the diffsrential
pressure sensing element 3434 deforms and generates a voliage proportional o the
applied pressure. The voltage is coupled to an external lead frame 3436 by way of wire
bonds 3438, In one aspect, the pressure sensing integrated circuit 3422 may be a

MPXVE115V series sensor integrates on-chip, bipolar op-amp circuitry and thin film
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resistor networks to provide a high output signal and temperaturs compensation. Ths
pressure sensing integrated circuit 3422 has a small form factor and benefits from the
high reliability of on-chip integration. The differential pressure sensing element 3434
comprises a monolithic, signal conditioned, silicon pressure sensor. The sensor
combines advanced micromachining techniques, thin film metallization, and bipolar
semiconductor processing to provide an accurate, high level analog oulput signal that is

proportional to applied pressure.

C. Flexible Circuit Thermocouple Sensor

[0631] FIGS. 139-140 iliustrate a flexible circuit thermocouple sensor 3500, according
io one aspect of the pressent disclosure. FIG. 13% is a schematic diagram of the flexible
circuit thermocouple sensor 35800, according to one aspect of the present disclosure.
FIG. 140 is a section view of the flexible circuit thermocouple sensor 3500, according to
one aspect of the present disclosurs. With reference now to FIGS. 138 and 148, a
tharmocoupls 3502 is provided in a flexible circuit elactrode 3504 by creating a contact
between two dissimilar mstals 3506, 3508. To reduce slectromagnetic interferancs
(EMD), the thermocouple 3502 laver is sandwiched. The flexible circuit thermocouple
sensor 3500 can be emploved to monitor the temperature of the flexible circuit electrode
3504 during sealing.

[0632] The thermocouple 3502 can be built in a flexible circuit. If the flexible circuit
also contains an RF elecirode, special precautions should be taken o aveoid EMI noise in
the thermocouple circuit. Since the flexible circuit electrode 3504 may overheat during
ssaling and cause damage o neighboring tissue, feedback from the flexible circuit
eiscirode 3504 can be used {o adjust the powser applied by the generator 2404 (FIG.
104}. Thus ths flexible circuit thermocouple sensor 3500 can be used {o minimizs
damage {o neighboring tissue during sealing.

[0633] As shown schematically in FIG. 139, the flexible circuit thermocouple sensor
3500 comprises a thermocouple 3502 formed by creating a contact between two
dissimilar metals 3506, 3508. The dissimilar meatals 3506, 3508 are coupled to an
instrumentation amplifier 3510, which amplifies the low level signal produced by the
thermocouple 3502, A guard 3514 surrounds the thermocouple metals 3508, 3508 and
is driven by the ouiput 3516 of a buffer amplifier 3518 to shield the low level signal

produced of the thermocouple 3502.
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[0634] The low level signal produced by the thermocouple 35082 can be masked by
EMI when the RF powsr is applisd. EMI noise may be coupled in saveral ways: (1)
Common Mode Noise Coupled by Ground Loop; {(2) Capacitive Coupling; and (3)
Magnetic Coupling. For the first two modes, insulating the thermocoupie and shielding it
with the driven guard 3514 is a common method. Having the guard 3514 surrounding the
thermocouple 3502 connscled to 3 low impsadances buffer amplifier 3518 that keeps it at
a fixed voltage (e.qg., ground) makes it very effective in preventing noise coupling by
stray capacitance and leak resistance in the thermocouple 3502. The simplified
schematic illustrates the canceling of induced cuirents 3520 due to EMI. Avoiding a
large area loop in the thermocoupie circuit is the most effective method to prevent
induced noise currents. in a flat geomelry, like the flexible circuit, this can be achieved
by balanced canceling ioops.

[0635] FIG. 140 is a section view of the flexible circuit thermocouple sensor 3500,
according to one aspect of the prasent disclosure. The flexible circuit thermocouple
sansor 3500 comprisas an slectrically insulative material 3522 (e.g., polyimide,
polvaster, flucrocarbon, or any pelymeric material, or any combinations thereof). Ths
first metal 3506 of the thermocouple 3502 is embedded in the electrically insulative
material 3522 and is coupled {0 the second metals 3508, which also are embedded in
the slectrically insulative material 3522, The thermocouple 3502 metais 3506, 3508 are

surrcunded by the guard 3514 conductors, which may be copper, for example.

XV, OPTICAL TISSUE SENSING

A. Flexible Circuit Electrode Including Integrated Pulse-Oximeter Sensor

[0636] FIGS. 141-142 illusirate a pulse-oximeter sensor integrated in a flexible circuit
electrode for identifying blood flow in tissue located between jaw members of an end
effector prior to clamping and cutling, according to one aspect of the present disclosure.
The pulse-oximeter sensor and/or i-watch technology, LED light sources, and
photodiode optical sensors positioned within a fiexible circuit electrods may be empioyed
io notify the and user of blood flow within tissue located between the jaw members of an
end-effector.

[0637] FIG. 141 illustrates a systern 3600 comprising an electrosurgical instrument
3602 coupled to a generator 3604, according to one aspect of the present disclosure.

The electrosurgical instrument 3602 comprises an LED light 3620 located on the handie

111



WO 2017/146902 PCT/US2017/016919

3622. The electrosurgical instrument 3602 also comprises an end effecior 3608
comprising a pulse-oximetsr sensor 3808 integrated in flexibls circuit elscirodes 36103,
3610b comprising an element 3610a located in the upper jaw member 36143 and
another element 3610b located in the lower jaw member 3614b. In another aspect, a
wearable device sensor may be integrated in the flexible circuit electrodes 36104,
3610b. In one aspect, the wearable device sensor comprises i-watch technology, for
axample.

[0638] FIG. 142 is a detail view of the end effector 36806 shown in FIG. 141
comprising a puiss-oximeler sensor 3808 integrated in the flexible circuit electrodes
3610a, 3610b, according to one aspsct of the present disclosure. The pulse-oximeter
sensor 3608 comprises LED light sources 3616 attached io the flexible circuit electrods
3610a located in the upper jaw member 3614a and a photodiode optical sensor 3618 is
atiached to the flexible circuit electrode 3610b located in the lower jaw member 3614b.
The LED light sources 3616 and the photodiode optical sensor 3618 are coupled io the
control circuit 2402 (FIG. 184) and /or the genearator 3604 {a.g., the generalor 2404
shown in FIG. 104). Similarly, the electrades 3610a, 310b may be coupled o the control
circuit 2402 and/or to the generator 3604, The control circuit 2402 drives the LED light
sources 3616 and the light 3626 is received by the photodiode optical sensor 3618, The
ouiput voliage produced by the photodiode optical sensor 3618 is indicative of the blood
flow 3624 and/or oxygen (Oz) levels in the vesse] 3612. The conirol circuit 2402 and/or
the generator 3612 can be used to determine the blood flow and/or oxygen (O;) 3624
levels in the vessel 3612 based on the amount of light 3626 transmitted by the LED
lights sources 3616 is recsived by the photodiods optical sensor 3618, where the
difference is absorbed by blood flow 3624 in the vessel 3612. Blood can be optically
monitored based on the absorption of 350-608 nm light by hemoglobin in the blood.
[0639] FIG. 141 shows a blood vessel 3612 located between the jaw members
3614a, 3614b of the end effector 3606, The pulse-oximeter sensor 3608 can be
configured to identify vessels 3612 that may or may not have been identified in a tissue
bite with @ monopolar or bipolar electrosurgical instrument 3802, The pulse-oximeter {or
-watch) sensor 3608 enablss the identification of blood flow 3624 within lissue 3812
located between the jaw members 36144, 3614b prior to cutling the fissue 3612,

[0640] A surgeon cannot identify the type of tissue 3612 located between the jaw

members 3614a, 3614b with certainly. The pulse-oximeter sensor 3608 comprising LED
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light sources 3616 and photodiode optical sensors 3618, as well as flexible circuit
technology can be smploved fo datect blood flow and/or O, 3624 levels in the tissue
3612. Thus, the surgeon would know when a blood vessel is located in the jaw mambers
3614a, 3614b of the electrosurgical instrument 3602. This technique may be employed
to identify the lissue type and determine when blood is present in a vessel within the
fissug 3612 lncated betwsen the jaw members 3814a, 3614bh. Knowisdge of this
information may be helpful to surgeons that like fo march quickly through the tissue
3812,

[0641] In operation, the LED light sources 3616 located on one flsxible circuit
electrode sends light 3626 through the tissue 3612 and is received by the photodicde
optical sensors 3618, Blood flow andior O; 3624 is recognized (e.g., similar to a pulse
oximeter or i~watch). The information is sent to the generator 3604. The generator 3604
sends a message to the LED light 3820 on the handle 3622 of the electrosurgical
instrumsnt 3602, which illuminates when appropriate. The puise-oximeter 3612 and/or i-
watch could also be configured to communicate with smart phones or wearables such as

the i-watch, fit-bit, among other applications o signal information.

B. Flexible Circuit Elecirode Including Integrated Electro Optical Sensors For Sensing
Tissue Properiies

[0642] FIGS. 143-147 illustrate electro optical sensors 3700 for sensing tissue
properties integrated with a flexible circuit electrode 3702, according 1o one aspect of the
present disclosure. Turning o FIG. 143, which illustrates an exploded view of an electro
optical sensor 3780 for sensing of tissue properiies integrated with a flexible circuit
electrode 3702, according io one aspect of the pressent disclosure. The elsclro optical
sensor 3700 is integrated in a flexible circuit electrode 3702 and comprises a multilayer
coating 3704 positioned over an optically fransparent window 3706, which is positioned
above a diffraction grating 3708. A llens 3710 is positionsd between ths diffraction
graling 3708 and a photo diode 3712. The photo diode 3712 is electrically couplad {o
control circuits by way of conductive fraces 3714 formed on the flexible circuit electrode
3702. A flexible opaque electrically insulative layer 3716 is disposed over the oplical
assembily comprising the window 3706, the diffraction grating 3708, the lens 3710, and
the photo diode 3712. In one aspect, the flexible opaque electrically insulative layer 3716
may be made of a polyimide film, such as Kapton, or polyester, fluorocarbon, or any

polymeric material, or any combinations thereof,
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[0643] FIG. 144 is a plan view of the flexible circuil slectrode 3702 comprising an
electro optical sensor 3700 for sensing of tissue properties shown in FIG. 143 integrated
in a via 3718 of the flexible circuit electrode 3702, according to one aspect of the present
disclosure. The flexible circuit electrode 3702 comprises a plurality of traces 3720 and a
plurality of vias 3718 to electrically interconnect different layers of the flexible circuit
slscirode 3702. As with othear aspects of flexible circuit electrodes described herein, a
knife slof 3722 is defined by the flexible circuit electrode 3702 to enable a knifs {o
reciprocaie therealong. The eleciro optical sensor 3700 is disposed in one or more of the
plurality of vias 3718.

[0644] FIG. 145 is a ssction view of the electro optical sensor 3700 integrated in a via
3718 of a flexible circuit electrode 3702 for sensing of tissue properties, according to ons
aspect of the present disclosure. As shown in FIG. 145, the electro optical sensor 3700
is inseried inside a cavity 3724 defined by the via 3718. The electro optical sensor 3700
is electrically coupled to control circuitry by way of spring ioaded slectrical contacis 3726
to conductive fraces 3728 of the flexible circuit elscirode 3702, An optically transparsnt
window 37086 and is disposed batwsen an upper layer of an electrically insulatlive film
3716a and a lower laver of electrically insulative film 3716b, where the upper and lower
layers of electrically insulative materials 3716a, 3716b can be made of polyimide,
polvester, fluorocarbon, or any polymeric material, or any combinations thereof.

[0645] FIG. 148 is an elevation view of an end effecior 3730 with a flexible circuit
electrode 3702 comprising an electro opiical sensor 3700 integrated therewith,
according to one aspect of the present disclosure. The end effector 3730 comprises an
upper jaw member 3732a and a lower jaw member 3732b. The flexible circuit elecirode
3702 is disposed on the lower jaw member 3732b. A plurality of electro optical sensors
3700 are disposed on the flexibls circuit elacirode 3702 located in the lower jaw mamber
3732b. Additionally, the electro oplical sensors 3700 are positioned on the flexible circuit
electrode 3702 such that they exiend above the plane defined by the flexible circuit
electrode 3702 and thus can function a supper members {o set a defined gap “G”
between the upper and lower jaw members 3732a, 3732b when they are in a closed
configuration.

[0646] FIG. 147 is a plan view of a flexible circuit elecirode 3702 comprising a
plurality of electro oplical sensors 3700 integrated with, according to one aspect of the

present disclosure. A plurality of elscire optical sensors 3700 comprising photo dicdss
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3712 are disposed on the flaxible circuit slectrode 3702, Analog processing electronic
circuits 3734 to power and condition signals recsived from the phot diodss 3712 are
located proximal {0 a lissue supper 3736. Traces 3738 connect the analog processing
electronic circuits 3734 to the digital control circuit 2402 (see FIG. 104 for details)
located either in the handie of the slectrosurgical instrument or the generator 2404 (FIG.
104).

[0647]  With reference now to FIGS. 143-147, bipelar or monopolar RF surgical
instruments may use various tissue parameters, such as impedance, o determine the
effect of RF electricity has had on the tissue. Providing additional feedback to ths
generator can improve the confidence level to the surgeon that a seal has been created
in tissus bundles treated by the end effector 3730 of the elscirosurgical instrument.
[0648] The photo diodes 3712 disposed on the flexible circuit electrode 3702 can bhe
used fo determine when the seal is complete, the location of tissue within the jaw
members 3732a, 3732b (distal vs. proximal), and also lissue type. The electro optical
sansor 3700 can serve a secondary purposs of setting the gap betweean the flexibls
circuit electrode 3702 and the other jaw mamber or return slectrode, which is shown as
the upper jaw member 3732a in FIG. 146. The electro optical sensor 3700 is
incorporated into the flexible circuit electrode 3702 to determine changes in tissue
condifion.

[0649]  This disclosure illustrates how an slectro optical sensor 3700 can be
integrated with a flexible circuit electrode 3702 for the purpose of sensing tissus sensing
in a monopolar or bipolar RF electrosurgical instrument. In one aspect, the slectro
optical sensor 3780 may be an infrared (IR) photo diode 3712, however, other electro
optical sensors may be used in a similar manner. The photo diode 3712 is mounted to
the frace layer of the flexible circuit elecirode 3702 whers individual conductors are
photo etched from copper or another conducior. The pholo diode 3712 is localed in a
distal portion of the flexible circuit electrode 3702 such that the fissue being treated is
within the optical field of view of the slectro optical sensor 3700, Blood can be oplically
moniiored bassad on the absorplion of 350-600 nm light by hemoglobin in the blood.
[0650] The photo diode 3712 is covered by an optical window 3706 selected for its
transmission of wavelengths generating a large response in the photo diode 3712, The
optical window 3706 may employ optical coatings to enhance fransmission of the

desired wavelengths while rejecting unwanted wavelengths. Coatings also may be used
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io anhance the durability of the oplical window 3706, The optical window 3706 also may
include diffraction gratings 3708 or lenses 3710 to focus and further concenirate pholons
from the tissue being treated. Traces 3714 of the flexible circuit electrode 3702 are
connected io the photo diode 3712 and routed proximally to carry the sensor current to
analog processing slectronic circuits 3734. These processing slectronic circuits 3734
may consist of pass band filters, amplifiers, and analog-to-digital converts. Ths most
likely location for the analog elecironics is proximal {o the tissue supper 3736 such that
they are within close proximity to the electro optical sensor 3700, but do not interfere

with the treatment of tissue in the end effector 3730.

C. Flexible Circuit Electrode Including LED And Pholodiode Based Vascular Sansor

[0651] FIG. 1438 illusirates a flexible circull electrode 3800 comprising a vascular

sensor 3802 comprising a LED 3804 and photodiode 3806 arrangement integrated
therewith for sensing vascularity, according to one aspect of the present disclosure. The
vascular sensor 3802 utilizes pairs of LEDs 3804a, 380b, 3804¢ and photodiodes 3808s,
3808b, 3806¢ to define multipls zones 1-3 in a jaw member of an &nd sffscior o
determine the vascularity of the tissue located in each of the zones 1-3 for optimal tissue
treatment. The vascular sensor 3802 is electrically coupled to the control circuit 2404
{FIG. 104) to process the signals provided by the vascular sensor 3802. Based on the
vascularity sensed by the vascular sensor 3802, an algorithm can be selscied by the
control circuit 2402 to treat sach of the zones 1-3 in an independent manner to enable
better sealing and hemostasis. The vascular sensor 3802 employs the pairs of LEDs
3804a-3804c and photodiodes 3808a-3806¢ to sense the vascularily of the tissue within
gach of the zones 1-3 in a manner similar t0 how a pulse oximeter works. Vascularity
can be determined based on how much infrared or red light is absorbed by blood in ths
fissue. Each of the zones 1-3 can then be ireated independenily by executing a unique
algorithm 1o maximize tissue sealing and minimizing unintended darmage for an oplimal
patient cutcome. Blood can be opticaily monitored bassd on the absorption of 350-600

nim light by hemoglobin in the blood.

. Flexible Circuit Electrode including Integraled Vascular Tissue Sensor
[0652] FIGS. 149-150 illustrate a vascular tissue sensor 3900 integrated with &

fiexible circuit electrods 3902, according io one aspect of the present disclosure. FiG.
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149 is an and effecior 3804 comprising upper and lower jaw members 3806a, 3906b and
a vascular tissue sensor 3800 inlegrated with a Rexible circuit elscirode 3902, according
io one aspect of the present disclosure. The upper jaw member 3908a of the end
effector 3904 comprises the vascular tissue sensor 3900, The vascular tissue sensor
3900 comprises a LED 3908 and a pholo sensor 3810, such as a photo diode, for
axample. In addiion, a visual LED 3812 is located on a surfacs of the upper jaw member
3906a to indicate detsction of vascular tissue. The lower jaw member 39088k of the end
effector 3804 comprises a flexible circuit elecirode 3902, Electrical energy to power the
vascular sensor 3900 slements is received by a first slectrical conductive element 3914
and slectrical energy to power the electrode 3902 is received by a second electrical
conductive slement 3816. The return path 3918 is provided through slectrically
conductive portions of the upper jaw member 3806a. The vascular tissue sensor 3800
configuration illustrated in FIG. 149 mayv be employed to delect vascular tissue {o aid in
anatomical identification and reduction of unintended tissue damage.

[0653] Remission phoupperisthysmography (PPG) is a technigus that uses non
invasive monitoring of skin blood vessel pulsations. It is known that mobile heart rate
monitoring can be optically monitored based on the absorption of 350-600 nm light by
hemoglobin in the blood. The amount of blood can be measured by irradiating a living
body with light in that wavelength range and measuring changes in the time needed for
the light to reflect back. Counting the numbsr of rhythmic peaks in the amount of blood
gives the heart rate. A smart sensor for this application can be compuosed of a green
LED with 530 nm emission, a silicon photo diode, and appropriate circuits.

[0654] Based on the configuration illustrated in FIG. 148, a remission PPG method
may be implemented using the LED 3912 and photo diode 3910, and appropriate circuils
could be installed on the distal end in sither upper or lower jaw members 3806a, 3808b
of an RF bipolar electrosurgical instrument and be used as a deteclion method fo
confirm the presence of vascular tissue. For example, the vascular sensor 38900 may
electrically coupled io the control circuit 2404 (FIG. 104). This PPG circuit can be
mounted {0 an independent layer of the flaxible circuit slectrods 3802 and can have iis
own geomestric patiern to be filted in the upper or lower jaw member 3906a, 3906b and
an independent power/communication source to utilize the detection signal.

[0655] The detection signal could trigger the visual LED 3912 located on the upper

jaw member 3906a of the end effector 3804 and/or an audible tone from the generator
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2404 (FIG. 104). Deteclion of vascular fissue could then be used to avoid unintended
tissue damage, or to confinm the location of vessels and aid in anatomical identification.
The PPG technology can integrated with the flexible circuit electrode 3902 {o identify
vascular tissue and provide a signal to the end user and avoid unintended tissue
damage and anatomical/vessel identification.

[0656] The LED 3208 and the photosensor 3910 can be located on a separate leg of
the flexible circuit elecirode 3802 and can be connected to the distal tip 30920 of the
upper jaw member 3908a o detect vascular tissue and provide a detection signal. The
detection signal can be visual, audible, and/or vibratory {o aid end user in uss of the
electrosurgical device.

[0657] FIG. 150 is a schematic diagram of a sensor 3922 for mobile heart rate
monitoring, according to one aspect of the present disclosure. A smart sensor 3822 for
this application comprises and LED 3924, a photodiode 3928, and a processing circuit
3928 mounted on a subsirate 3930, In one aspect, the LED 3924 is a green LED with
530nm emission and the pholodiode 3828 is a Silicon photodinde. The LED 3824
fransmits @& bema of light 3932 {o the tissus 3834 and a portion of the light 3838 is
raflected form the tissue 3934 and is delected by the photodiode 3928, The processing
circuit 3928 control the operation of driving the LED 3824 and processing the signal
produced by the photodiode 3926 in response to detecting the reflected light 3838.
[0658] Heari rates can be optically monitored based on the absorption of 350-600nm
light by hemoglobin in the blood. The amount of blood can be measured by irradiating a
living body with light in that wavelength range from the LED 3924 and measuring
changes in the time needed for the light 3936 {o reflect back using the pholodiodes 3926
and the processing circuit 3828, Counting the number of rhythmic peaks in the amount

of blood gives the heart rats.

AVill. CONNECTION AND ATTACHMENT TECHNIQUES FOR FLEXIBLE CIRCUIT
ELECTRODES

A. Technigues For Connecting And Disconnecting Flexible Circuits To Wiring On Re-
Usable Instrument Connections

[0659] FIGES. 151-157 illustrate various altachment fechniques to connect and
disconnsact flexibie circuils o wiring on re-usable instrument connections, according to
one aspect of the present disclosure. Termination of the electrical signals of a flexible

circuit can come in the form of simple pins, holes, or fingers as shown in FIGS 151-152
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whare FIG. 151 illustrates a flexible circuit termination 4000 comprising supporied
fingers 4002, according to ons aspect of the presant disclosure, and FIG. 152 illustratss
a flexible circuit termination 4004 comprising unsupported fingers 4005, according o one
aspect of the present disclosure.

[0660] FIiG. 153 illustrates an example flexible circuit electrode 4008 with four
supporied fingers 4008 exposed on the proximal end 4010, according o ong aspect of
the present disclosure. The four supported fingers 4008 could be inserted into a simple
female connector 4012 as shown in FIG. 154, In an alternate aspect, both of the two
legs of the flexible circuil electrode can have two supported fingers instead of all four on
a single leg, as shown above. This could be necessary due to the small width of the
electrode and the limilations of electrical connecior size.

[0661] FIG. 154 is the frontside of a female electrical connector 4012 configured io
receive a flexible circuit electrode, according 1o one aspect of the present disclosure,
such as, for exampls, the flexible circuit electrode 4008 (FiG. 153). The connector 4012
has angled intermal side walls 4014a, 4014b to more easily receive the mals portion of
the flexible circuit electrode 4006 during assembily, and four biased electrical retaining
metallic confacts 4015 that are biased to ensure slectrical continuily is retained. FIG.
155 illustrates the backside 4016 of the electrical connector 4012 shown in FIG. 154,
according to one aspect of the present disclosure. The backside of the electrical
connector 4012 is soldered to wiring 4017 1o connsct to processing circuils such the
control circuit 2402 (FIG. 104) and the generator 2404 (FIG. 104).

[0662] FIG. 156 is an internal section view of biased contacts 4018 of the connector
4012 shown in FIG. 154 connscled to the supported fingar 4608 shown in FiG. 1583,
according to one aspect of the present disclosure. The biased contacts 4018 connect to
the supported finger 4008. FIG. 157 is a full flexibie circuit electrode assambly 4820
comprising the flexible circuit elecirode 4006 shown in FIG. 1583 connecied {o the

connector 4012 shown in FIG. 154, according to one aspect of the present disclosure.

B. Flexible Circuit Electrode Atlachment Fealures For Conneclion And Mechanical
Attachment To Processing Circuits And Energy Sources

[0663] FIGS. 158-164 illusirate flexible circuit electrode attachment fealures for

connection and mechanical attachment to processing circuils and energy sources,
according to one aspect of the present disclosure. Using a flexible circuit electrode on an

RF electrosurgical instrument can save space and reduce cost. The
119



WO 2017/146902 PCT/US2017/016919

attachment/alignment fgatures are configured to be atlached and aligned the fexibls
circuit electrode o the jaw members of an end effacior. An RF electrosurgical instrument
comprising a flexible circuit for an electrode may employ attachment/alignment features
soldered onto the flexible circuit electrode for attachment to the jaw member, alignment
on the jaw member, provide structural support, or make electrical connections.

[0664] FiG. 158 is a perspective view of a flaxible circuit glectrods 4108 with
attachmentalignment features 4102 provided on a surface 4104 thereon, according to
one aspect of the present disclosure. The attachment/alignment features 4102 are
solderad to the flexible circult electrode 4100 to facilitate attachment of the flexible circult
electrode 4100 to a jaw member, such as, the jaw member 4106 shown in FIG. 188. The
attachment/alignment features 4102 could bs multiple parts or a single hook that fits into
a slot on the jaws. It could also be soldered on electrical conneciors. A knife slot 4103 is
provided in the flexible circuit electrode 4100 to enable the knife to reciprocate
therealong.

[0665] FIG. 159 is a saction elevation view of a lower jaw member 4106 with the
flexible circuit elecirode 4100 shown in FIG. 158 with atlachment/alignment fealures
4102 shown in FIG. 158 prior io being disposed thereon, according to aspect of the
present disclosure. The lower jaw member 4106 comprises a plurality of recesses 4107
sized and configured o receive the altachmentalignment features 4102 attached {o the
flsxible circuit electrode 4100,

[0666] FIG. 160 is a section view of the lower jaw member 4106 shown in FIG. 159
with the flexible circuit electrode 4100 with the attachment/alignment features 4102
shown in FiG. 159 prior to being disposed thereon, according to aspect of the present
disclosure.

[0667] FIG. 161 is a partial perspective visw of the laxible circuit slectrods 4100
disposed shown in FIG. 158 disposed on an insulative flexible substrate 4105 with &
solder point 4108 for connecting the attachmentalignment feature 4102 shown in FIG.
158 {o the flexible circuit electrode, according to one aspect of the present disclosure,;
[0668] FIG. 182 is an exploded view of the flaxible circuit slectrods 4100 with mullipls
attachmentalignment features 4102 shown removed from the flexible circuit elecirode
4100, according to aspect of the present disclosure. The attachmentalignment features
4102 are soldered to solder points 4108 formed on the substrate of the flexible circuit
electrade 4100,
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[0668] FIG. 183 is an exploded view of g flexible circuit electrode with a single
attachment/alignment feature 4110 shown removed from the flexible circuit electrode
4112, according to aspect of the present disclosure. A knife slot 4113 is provided in the
flexible circuit electrode 4112 1o enable the knife to reciprocate therealong.

[0670] FIiG. 164 is a perspective view of a flexible circuit eleclrode 4114 comprising
an attachment feature 41186 for 2 wirs/cable connector 4118, according 1o one aspect of

the present disclosure.

C. Flexible Circuit Elecirode Including Allernale Contacts For Routing And Wiring
Mulliple Electrode Paths To Monopolar Or Bipolar Instruments

[0671] FIGS. 185-173 illusirate a flexible circuit electrode including alternale contacts
for routing and wiring multiple electrode paths {0 monopolar or bipolar instruments for
spot coagulation, according 1o one aspect of the present disclosure. A flexible circuit
electrode with the main slectrods formed on an upper surface and multiple slectrode
paths formed on a lower surface can be used for monopolar or bipolar RF spot
coagulation. These paths can run lengthwise along the flexible circuit electrode back to
the handie of the electrosurgical instrument. The flexible circuit electrode can be coiled
around a tube in the handle with rings to transmit the RF snergy. A flexible circuit
electrode for an RF electrosurgical instrumeant is provided where one surface of the
circuit is an RF sealing surface of exposed melal and ancther surface is the same or a
different exposed electrode or electrodes in an area that is not the main sealing surface.
A flexible circuit electrode is provided with an electrode surface where the flexible circuit
slgcirode tearminaies in a handls of the slectrosurgical instrument whers the circuit forms
rings to transmit RF through a rotating contact. These various aspects are described
hereinbelow.

[0672] FIG. 165 is a perspective view of an end effector 4200 comprising an upper
and lower jaw member 4202a, 4202b comprising a flexible circuit electrode 4204 with a
distal monopolar slectrode 4208 and lateral bipolar electrodes 4208a, 4208b, 4208¢,
according to one aspsct of the present disclosure. By using a flexible circuit and printing
the main slectrode 4204 on the surface and using the lower of the flexible circuit multiple
eiscirode paths for monopolar or bipolar spot coagulation can be used. These paths can
run aiong the fiexibie circuit back to the handie of the elecirosurgical instrument. The
distal monopolar slectrode 4208 and the lateral bipolar elscitrodes 4208a-4208¢ are

electrically connecled to the control circuit 2402 (FIG. 104) and the generator 2404 (FIG.
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1043}, A knife slot 4210 is provided in the lower jaw member 42020 and the flexible circuit
electrode 4204 to enable the knifs to reciprocaie therealong.

[0673] FIG. 166 is a plan view of the flexible circuit electrode 4204 shown in FIG.
165, according to one aspect of the present disclosure. The flexible circuit electrode
4204 is shown unfolded showing both sides of the laleral bipolar electrode 4208a-4208¢
and the distal monopolar electrode 4208, Details of the electrically conductive traces ai
the proximal end 4212 of the flexible circuit electrode 4204 are shown in FIG. 167.
[0674] FIG. 167 is a detail section view of the proximal end of the flexible circuit
eiscirode 4202 shown in FIG. 166 showing the slectrically conductive iraces 4214a,
4214b, 4214c which are electrically coupled to the iateral bipolar elecirodes 42083,
4208b, 4208¢ and slectrically conductive trace 4215 which is electrically coupled to the
distal monopolar electrode 4208, according to one aspect of the present disclosure.
[06758] FIG. 168 is a perspective view of a lower jaw member 4216 of a jaw assembly
comprising a fold over flexible circuit elecirode 4218, according to one aspect of the
presant disclosure. A knife slot 4220 is provided in the fold over flexible circuit electrode
4218 o enable the knifs o reciprocale therethrough.

[0676]  FIG. 169 is a detail view of the fold over flexible circuit electrode 4218 shown
in FIG. 166, according to one aspect of the present disclosure. The flexible circuit
eiscirode 4218 comprises sxposad laleral sealing surfaces 4222a, 4222b and an upper
main sealing surface 4222c. The ssaling surfaces 4222a-4222¢ ars exposed matal
electrodes that are sized and configured to conduct RF eleciricity that contact tissue and
provide sealing surfaces.

[0677] FIG. 170 is a perspective view of a rotating coniact assembly 4230 disposed
about the outer surface 4234 of an inner tube 4236 of a shaft component of the
electrosurgical instrument, according to one aspect of the present disclosure. The
rofating contact assembly 4230 is formed on a flexible circuit 4232 that is coupled {o the
electrode. The flexible circuit 4232 terminates in a handie of the electrosurgical
instrument where the circuit forms rings such as a plurality of rotating contacis 42364,
4238b, 4236¢, 42384 configured to tfransmit RF elscinical energy through the rotating
contact assembly 4230. The flexible circuit can be coiled around the inner tube 4236,
FIG. 1A illustrates a shaft 10 of an electrosurgical instrument 2. The inner tube 4236 is
typically disposed within the shaft 10. Turning back to FIG. 170, in one aspect the

rotating contact assembiy 4230 comprises a plurality of rotating contacis 4236a-42364d
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formead on ths flexible circuit 4232 and disposed about the inner tube 4236, for example.
An exposed slectrically conductive slement 4238 (g.g., copper) is located bshind the
plurality of rotating contacts 4236a-4236d and is adhered about the outer surface 4234
of the inner tube 4236 and exiends distally towards the jaw assembly or end effector.
[0678]  With reference now aisc fo FIG. 170, FIG. 171 is a detail section view of
slscirical contact wipsrs 4240a, 4240b, 4240¢, 4240d electrically and rotatably coupled
to the plurality of rofating contacts 4236a-4236d of the rotating contact assembly 4230
disposed about the ouler surface 4234 of the inner tube 4236, according to one aspect
of the pressnt disciosure.

[0679] FIG. 172 is a perspeciive view of the rotating contact assembly 4230,
according to one aspect of the present disclosure. FIG. 173 is a perspective view of the
rotating contact assembly 4230 comprising an outer tube 4242, an inner tube 4238, and
a plurality of rotating contacts 42368-4236d formed on a flexible circuit elecirode and
disposed about the inner tube 4236, according to one aspect of the present disciosure.

The rotating contact assembly 4230 is rotatably disposed within the outer tube 4242,

3. Flexible Circuit including Snap In Electrode Assembly And Grasping/Gap Setting
Flemenis At A Distal End

[0680] FIGE. 174-175 illustrate flexible circuit 4300 comprising a snap in elscirode

assembly 4302 and grasping/gap setling elements 4304 at a distal end 4306, the
elements having various geometries to aid in grasping and seiting the gap “G” between
the upper jaw member 4308z and the lower jaw member 4308b members of a clamp jaw
assembly 4310, and a connsciing schame {0 coupls the snap in electrods assembly
4302 to the clamp jaw assembly 4310, according to one aspect of the present
disclosure. The flexible circuit 4300 comprising the snap in electrode assembly 4302 is &
replaceable component and can provide multiple options of clamp assemblies for an
electrosurgical instrument during manufacturing. The interchangeable configuration
provides various lsvels of grasping (i.e., atraumatic for liver or general surgery) and
various levels of gap setting features for marching versus sealing. The proximal end
4314 of the interchangeable flexible circuit 4300 electrode comprises an edge connector
4312 that contains an identification card such that control circuit can identify the type of
fiexible circuit 4300 connecied to the shaft 4316 of the electrosurgical instrument.

[0681] FIG. 174 is a perspective view of a flexible circuit 4300 comprising a snap in

electrode assembly 4302 at a distal end 4306 and an edge connector 4312 that contains
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an identification card at a proximal end 4314, according io one aspect of the present
disclosure. The snap in slectrode assembly 4302 comprises multiple layers. A upper
laver 4318 is an elsctrically conductive laver 4328 that acl as the electrode to apply
energy to tissue located in the clamp jaw assembly 4310, The electrode 4326 comprises
a plurality of elements 4304 printed therson o provide various gaps or to various
grasping features. The middie laysr 4320 provides the electrical connsaction o the
circuitry back to the edge connecior 4312. A lower layer 4322 is an overmolded
component that connecis via snap features 4324 to the lower jaw member 4308b of the
clamp jaw assembly 4310. The snap fit features 4306 are formed on lateral surfaces of
the snap in slectrode assembly 4302 to snap fit connect the electrode assembly 4302 {0
snap fit features 4338 {o the lower jaw member 4308b (FIG. 176). The edgs connector
4312 comprises an identification circuit element such that the control circuit can identify
the type of flexible circuit 4300 connected to the shaft 4316 of the device. A knife slot
4336 is provided in the snap in elecirode assembily 4302

[0682] FIG. 174Ais a detail view of two types of elemants 4304, according to various
aspects of the prasent disclosurs. A first type of elements 4332 terminate in & pointed
adge. As second type of elements 4334 ferminate in a flat edge. The elemenis 4332,
4334 are configured to set a gap "G between the upper and lower jaw members 43084,
43038b of the clamp jaw assembly 4310 (FiG. 176).

[0683] FIG. 175 is a section view of the proximal end 4314 of the flexible circuit 4300
taken along section line 175175, as shown in FIG. 174, showing a T-slot 4328
configuration for alignment of the flexible circuit 4300 with the shaft 4316 (FIG. 176) of
the electrosurgical instrument, according o one aspect of the present disciosure.

[0684] FIG. 176 is an elevation view of the clamp jaw assembly 4310 showing the
female end of an edge connector 4330 locatad on the shaft 4318 for electrically and
mechanically coupling the edge connector 4312 of the flexible circuit 4300 (FIG. 174) 1o
a control circuit and/or a generator, according to one aspect of the present disclosure,
Snap fit features 4338 are sized and configurad to receive the snap fit features 4306
formead on ths lateral surfaces of the snap fit slectrode assembly 4302 {(FIG. 174). The
snap fit features 4306, 438 mechanically connect the snap in eleclrode assembly 4302

to the lower jaw member 4308b of the clamp jaw assembly 4310,
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XX, AUTOMATIC ELECTRODE RENEWAL SYSTEM FOR FLEXIBLE CIRCUIT
ELECTRODES

[0685] FIGS. 177-178 illusirate an automatic electrode renewal systern 4400 for
fiexible circuit electrodss, such as spoois of flexible circuit electrodes 4404a, 4404b wind
about corrasponding rollers 4408a, 4404b, according o one aspect of the prasant
disclosure. FIG. 177 is an elevation view of a clamp jaw assembly 4407 comprising an
upper jaw element 44144 and a lower jaw element 4414b and a renewable flexible
circuit electrode system 4400 for unwinding and advancing clean flexible circuit
electrodes 4404a, 44040 from a proximal end 4408 pair of uppsr and lower rollers
4408a, 44060 and winding used fisxible circuit electrodes about a distal end 4410 pair of
upper and lower spocls 4412a, 4412b in a distal direction 4422a, 4422b, according o
aspect of the present disclosure. The flexible circult electrodes 440443, 4404b can be
automatically fed into contact with tissue. In one aspect, the flexible circuil slectrodes
4404a, 44040 can be configurad for a specific tissus typs also can be fed o be in
contact with the specific tissue type.

[0686] A pair of upper and lower spools 4406a, 4406 of clean flexible circuit
electrodes 4404a, 4404b is located at the proximal end 4408 of the clamp jaw assembly
4407 and a pair of upper and lower roliers 4412a, 4412b of used flexibie circuit
electrodes is located as the distal end 4410 of the clamp jaw assembly 4407. As the
flexible circuit electrodes 44043, 4404h are used, clean slectrodss can be advancedin a
counterclockwise direction 4416a and a clockwise direction 4416b by winding the used
electrodes at the distal rollers 4412a, 4412b and unwinding clean slectrodas from the
proximal rollers 4406a, 4408b.

[0687] To provids a clean slectrode, the rollers 44068a, 44080, 44123, 4412b are
rofated io expose tissue {0 a new electrode surface. This configuration enables the use
of different sections of a surface of the flexible circuit electrodes 4404a, 4404b to treat
different types of tissue. This technique can provids a specialized electrode type for
different tissues. This technigus also can sject tissuye from the jaw members 44143,
4414b to create a peeling release as opposead to a shearing release.

[0688] FIG. 178 is an elevation view of the automatic electrode renewal system 4400
shown in FIG. 177 comprising an electrical brush contact 4420 to electrically couple to a
fiexible circuit electrods 4404a disposed about the lower rolier 4406b at the proximal end
4408, according {o one aspect of the present disciosure. Although the upper roller 44062

(FIG. 177) is not shown in FIG. 178, a similar brush contact 4420 may be coupled to the
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flexible circuit elsclrode 44062 disposed about the upper roller 4406z at the proximal
end 4408, The elsclrical contact for the upper and lowsr spools 4408a, 4408b of flexible
circuit electrodes 4404a, 4404b can be provided by brush contacts or the rollers 4406z,
4406b. The rollers 44084, 4406b can be used as electrical contact provided between the
fiexible circuit electrodes 4404a, 4404k and the structural support portion of the clamp

jaw assembly 4407,

XX, FLEXIBLE CIRCUIT ELECTRODE INCLUDING VIBRATORY ELEMENTS TG
MITIGATE TISSUE STICKING TO THE CLAMP JAW MEMBERS

A, Vibratery Element including Vibrating Piszoslectric Bimorph Transducer To Release
Tissue From The Jaw Members

[0689] FIGS. 179-184 illusirate a flsxible circuit comprising an electrode and a
vibratory slement to mitigate fissue sticking to the clamp jaw members, according io one
aspect of the present disclosure. The vibralory element comprises a piezoelectric
bimorph transducer that vibrates to release tissue from the jaw members of the clamp
jaw assembly. During use, tissue adheres to the slectrode surface in RF electrosurgical
instrumants, Vibrations, e.g., acoustic ensrgy, can be employed o release the tissue
from the slectrode surface. Vibratory ensrgy can be applied in proportion to the amount
of tissue sticking seen thereby not treating the tissue with acoustic energy if it is not
necessary.

[0690] Vibratory energy can be used io release tissue from the surface of a flexible
circuit electrode. Howsver, acoustic vibration also can damage tissus and or the tissue
seal if it is not necessary. In one technique, acoustic energy is applied in proportion to
the sticking force experienced when opening the jaws. For example, if no slicking force
is detected, then no acoustic vibration is applied and if a high sticking force is detected,
then high acoustic vibration is applied. Piezoelectric bimorph transducers that arg 180°
out of phase are placed in the upper and lower jaws. Flexible circuit electrodes can bend
with the piezoelectric bimorph transducers.

[0691] FIG. 179 is a section view of a piezoselectric bimorph transducer 4500
attached to a flexible circuit electrode 4502, according to one aspect of the present
disclosure. The piszoslectric bimorph fransducer 4500 comprises a meial layer 4504
sandwichead between two plezoelectric laysrs 4506a, 4506b. In ons aspect, the
piezoelectric layers 4506a, 4506b may be lead zirconaile tifanate, an intermetallic

inorganic compound with the chemical formula Pb[ZrxTi1-xJ0O3 (0<xs1). Also called PZT,
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it is & ceramic perovskite material that shows a marked piszoelectric sffect, meaning that
the compound is used in a number of practical applications in the area of
electroceramics. in one aspect, the metal layer 4504 may comprise brass, or other
metal. The first piezoelectric layer 45063 is driven by a first high voliage time varying
signal v{ and the second piezoelectric layer 4506b is driven by second high vollage time
varying signal v2 that is 180° out of phase relative o the firsi high voltage time varving
signal v1.

[0692] FiG. 180 is & schematic illustration of the displacement of the piezoelectric
bimorph transducer 4500 shown in FiG. 179, where a first mode of deflection is shown in
solid line 4508 and a second mode of defisction is shown in dashed ling 4510, according
io oneg aspect of the present disclosure. Accordingly, with the end portions 4512a, 4512b
of the piezoelectric bimorph transducer 4500 are anchored, the piezoslectric layers
45063, 4506b are electrically activated to cause one piezoelectric layer 45063 to extend
and the other piezoelectric layer 4506a layer to coniract. This may be implemenied by
driving one piezoelectric layer 4506a with a first high vollage time varying signal and
driving the other piezoeleciric layar 45060 with a second high voltags tims varying signal
that is 180° out of phase relative to the first high voltage time varying signal. The total
displacement is indicated as “I). Repeated electrical actuation causes the piezoelectric
bimorph transducer 4500 to vibrate or oscillate. This technique can be use fo vibrate ths
flexible circuit electrods 4502 o relsass any tissue stuck io the slectrods 4502 during
the sealing process.

[0693] FIG. 181 is a section view of a clamp jaw assembly 4514 comprising upper
and lower bimorph ransducers 4500a, 4500b located in respective upper and lower jaw
members 4516a, 4516b, according to one aspect of the present disclosure. A layer of
rubberized polymer 4518a is attached {o the upper jaw member 4516a. A bimorph
fransducer 4500a is atiached to the rubberized polymer 4518a on one side and to a
flexible circuit electrode 45022 on the other side. Similarly, a laver of rubberized polymer
4518 is attached to the lower jaw member 4518b. A bimorph transducer 4500b is
attached to the rubberized polymer 4518b on one sids and o a flexible circuit electrods
4502b on the other side. As shown in FIG. 181, the bimorph transducers 4500a, 4500b
are in the first mode 4508 (FIG. 180) of maximum deflection. The upper and lower

bimorph transducers 45003, 4500b located in the clamp jaw assembly 4514 oscillate
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between the first mode 4508 and second mode 4510 of deflection, as shown in FIG.
180, to relsases tissus.

[0694] FIG. 182 is a section view of the clamp jaw assembly 4514 shown in FIG. 181,
where the bimorph transducers 4500a, 45000 located in the respective upper and lower
jaw members 4516a, 4516b are in the sscond mode 4510 of maximum deflection (FIG.
180}, according {o one aspect of the presant disclosure.

[0695]  FIG. 183 is a section view of the lower bimorph transducer 4500b located on a
lower jaw member 4516b of the clamp jaw assembly 4514 configured in sensor mode io
measure the adhesion force “F” of tissue sticking to the lower jaw member 4516b,
according to one aspect of the present disclosure. Although not shown in FIG. 183, the
same technique applies {o measuring the adhesion force F tissue sticking to the upper
jaw member 4516a using the upper bimorph fransducer 4500a. His known that a
bimorph piezoslectric transducer can operate in actuator mode and sensor mode. In
actuator mode, a voltage appiied to the transducer causss the transducer to displace
and in sensor made, displacement of the transducer generates a voltage. The bimorph
fransducer 4500 can be operated in sensor mods {0 measure the sticking force F. The
sticking force “F” drives the bimorph transducer 4500 in the second mode of deflection.
The sticking force “F” shows the displacement “d” of the lower bimorph transducer 4500b
due to tissue sticking o the lower flexible circuit electrode 45020 and to the upper
flexible circuit electrods 4502a (not shown) or simply sticking to the upper jaw member
4516a (not shown).

[0696] Accordingly, the bimorph transducer 4500 can become a force sensor when
force is applied to it. The bimorph transducer 4500 can produce a voltage under a
sticking ioad. The bimorph transducer 4500 can be configured {o swilch between a force
measuring bimorph sensor and a driving bimorph transducer o result in mechanical
vibrations that are proportional o the sticking force “F”. The mechanical vibrations may
be employed in proportion to the adhesion force “F” of the tissue sticking to the eleclrode
4502,

[0697] FIG. 184 is a logic flow diagram 4520 of a technique for operating a bimorph
transducer by switching between a force measuring bimorph sensor io a driving bimorph
transducer resulting in vibrations proportional to the adhesion force, according to one
aspect of the present disclosure. A control circuit, such as the control circuit 2402 shown

in FIG. 104, can be programimed and configured 10 execute an algorithm to implement
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the logic flow diagram 4520, Accordingly, the conirol circuit 2402 is configured to supper
driving the bimorph slement 4500a, 4500b and measure 4522 the voltage (v) on the
bimorph element 45004, 4500b, where the voltage (v) is proportional to the tissue
adhesion force “F” on the flexible circuit electrode 4502 as described in connection with
FiG. 183. The control circuit 2402 then drives 4524 the bimorph element 4500a, 4500b
in proportion to the measured voltage {v) according to the function P=f{v) for a period of
time “t” and the cycle is repeated a predetermined frequency selected from the range of
100Hz to 1000Hz, or 250Hz to 750Hz, or preferably approximately 500Hz. Thus, the
control circuit 2402 vibrates or oscillales the bimorph element 4502a, 4502b in
propertion o the tissue adhesion force “F”. The total work done by the bimorph element
4500a, 4500b to release the tissue adhered to the flaxible circuit slectrode 4502 can be

rapresented by the following equation:

[0698] w = [ f(v)dt (6)

7

where w is work defined by the integral over the period *t" of f{v).

B. Flexible Circuit Electrode Including A Vibratory Element Confiqured To Vibrate To
Reduce Tissue Adhesion On Electrode Or Remave Tissug Adhered To Electrode

[0699] FIGES. 185-186 illustrate a jaw member 47080 comprising a flexible circuit
electrode assembly 4702 comprising a vibratory element configured to vibrate {o reduce
tissue adhesion on an electrode 4704 or remove tissue adhered to the elecirode 4704,
according {0 one aspect of the present disclosure. FiG. 187 illustrates a circuit
configured to actuate the vibralory element, according to one aspect of the present
disclosure.

[0700] FIG. 185 is a plan view of a vibrating jaw member 4700 comprising a flexible
circuit electrode assembly 4702 configurad to vibrate to reduce tissue adhesion to the
electrode 4708 or remove tissue adhered to the elecirode 4708, according to one aspect
of the pressnt disclosure. FiG. 188 is a section view of the vibrating jaw member 4700
shown in FIG. 185 taken along section 186--188, according {o one aspect of the present
disclosure. During sealing/fastening/adhering tissue together between bipolar jaw
members of an electrosurgical instrument, the tissue affectsd has a tendency fo stick {o
one or both jaw members. Accordingly, the vibrating jaw member 4700 provides a
laminated grooved flexible circuit electrode assembly 4702 disposed across an upper

surface 4716 of one of the two jaw members 4700. As shown in FIG. 188, the flexible
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circuit electrode assambly 4702 is positionsd on upper of a sheet of piszoelectric
element 4712, which may be in the form of a sheet, that when energized will create
vibrations and displacement of the flexible circuit electrode assembly 4702, which in tum
will reduce sticking of tissue to the flexible circuit electrode 4704, Alternatively, if sticking
occurs, actuation of the piezoelsciric element 4714 will loosen the stuck tissue. A knife
slot 4724 is provided to enable a knifs {0 reciprocaie therealong.

[0701]  With reference now to FIGS. 185-188, the flexible circuit electrode assembly
4702 is disposed over the jaw member 4700 of a clamp jaw assembly of an
eisctrosurgical instrurment. The jaw member 4700 may represent either an upper jaw
member or a lower jaw member of the clamp jaw assembly. The flexible circuit assembly
4702 may be attached {0 the upper jaw member, lower jaw member, or both. The flexible
circuit electrode assembly 4702 comprises a firsi flexible electrically insulative substrate
4704 (e.g., polvimide, polyester, flusrocarbon, or any polymeric material, or any
combinations thereol), and insulator 4706 disposed over the insulative substrate 4704,
and conductive traces 4708 or pads {&.¢., copper) formed on the insulator 4706, The
conductive tfraces 4706 define the elscirode 4708. A second flaxible slectrically
insulative subsirate 4710 is disposed over the insulator 47086 except where the slectrode
is exposed 4708 {0 enable tissue treatment, where a groove 4711 is defined between
the conductor 4708 and the second flexible electrically insulative substrate 47G8.

[0702] A piezoelectric elament 4712 (e.q., transducer) is laminated on a lower
surface 4714 of the first flexible electrically insulative substrate 4704 of the flexible circuit
electrode assembly 4702. The piezoslectnic element 4712 is positioned on upper of the
jaw member 4700 body 4726, which may be a rigid structure. Thus, when used with
ancther armature/jaw member in opposing position and then actuated towards each
other, they will clamp and hold tissue therebetwsen. The electrode 4704 may be
energized in bipolar or monopolar RF mode. The piezoelectric elemeant 4712 can be
actuated by a circuit 4718, as described in more detail in connection with FIG. 187.
[0703] FiG. 187 is a schematic diagram of a circuit 4718 configured to aclivate the
flexible circuit eleclrode assembly 4702 (FIGS. 185-186) and the piezoelectric element
4712 (FIG. 186) simultanecusly, according 1o one aspect of the present disclosure. The
circuit 4718 is configured o actuate the piezoelectric element 4712 and the electrode
4708 (FIGS. 185-186) at the same time. The circuit 4718 comprises an energy source

4720 configured to provide a high voltage alternatling current voltage. The energy source
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4720 is applisd io the electrode 4708 o ireat tissus. A sub-circuit 4722 is used to drive
the piszosiectric slement 4712,

[0704] In other aspects, the electrode 4708 may be energized separately using two
separate circuils, one o energize the piezoelectric element 4714 and one o energize
the electrode 4708. In another aspsct, a single circuit may be ussd to apply powsr
between the piszoslectric slement 4714 and the elecirode 4708 altamately rather than
simultaneously o affect tissue in the jaw members. In other aspecis, power may be
applied to the piezoelectric element 4714 and the electrode 4708 to affect tissue in

different ways.

XXi FLEXIBLE CIRCUIT ELECTRODES FOR THERAPY, SENSING, POWER, AND
PROXIMITY DETECTION

[0705] FIGS. 188-188 illusirate a jaw member 4800 of clamp jaw assembly
comprising a flexible circuit 4602 comprising an inner electrode 4604 for applving
therapy to tissue and an outer electrode 4608 for sensing, powering accessory functions,
and proximity detection among other functions, according to one aspect of the present
disclosure. These functions include: visualizing the tip of the jaw member 4600 via
lighting, confirming that the jaw member 4600 has engaged the tissue, determining the
presancs of issue in the jaw member 4800, determining where tissue is located in the
jaw member 4600, and determining whether a nerve tissue is present in close proximity
to the jaw member 4600

[0708] FiG. 188 is a perspective view of a jaw membsr 4600 comprising a flexible
circuit 4802 comprising an inner slectrode 4604 and an outer slectrode 4608, according
to one aspect of the present disclosure. The inner electrodes 4604 is disposed on and
defines a tissue grasping surface 48086 of the jaw member 4600, The inner elecirode
4604 is configured o apply therapeutic levels of energy to tissue to seal and/or
coaguiate tissue. The outler electrode 4608 is disposed on an outer rim 4610 of the jaw
member 4600. The outer elecirode 4608 is configured to sanse and power accassory
functions.

[0707] FIG. 189 is a detail view of the jaw member 4600 shown in FIG. 188,
according to one aspect of the present disclosure. As shown in FIG. 189, the flexible
circuit 4602 comprises a fist electrically insulative layer 4616 (g.g., polyimide, polyester,
fluorocarpon, or any polymeric material, or any combinations thersof) atiached to ths jaw

member 4600 structure. The cuter electrode 4808 is disposed over the fist insulative
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layer 4616, A sscond elscirically insulative layer 4618 {e.g., polyimids, polyestar,
fluorocarbon, or any polymeric material, or any combinations therecof) is disposed ovar
the outer electrode 4608, The inner eleclrode 4604 is disposed over the second
insulative layer 4618 and defines the tissue grasping surface 4606 comprising a knife
siot 4620 to enabie a knife to reciprocate therein. The flexibie circuit 4602 may be
disposed over the upper jaw member, lower jaw member, or both, of a clamp jaw
assembly.

[0708] With reference now to FIGS. 188 and 189, in one aspect, the outer electrode
4603 disposed on the outer rim 4610 of the jaw member 4600 is configured to sense and
power accessory functions such as providing direct current (DC) voitage to power LEDs
whan both upper and lowsr jaws contact elscirically conductive meadia, defecting lissue
presence in the jaw member 4600, the distal end 4612 of the jaw member 4600, the
proximal end 4614 of the jaw member 46800, The outer electrode 4608 also is configured
to apply DC biphasic power for nerve stimulation. A grounding pad may be employed to

complete the circuit with the innar or ocuter slectrodas 4604, 4808,

XXH, LIGHTING AND ILLUMINATING
A. Flexible Circuit Elecirode Including LEDS For lHluminating Tissue

[0708] FIGS. 180-192 illusirate a flsxible circuit electrode assembly 4804 comprising
electrodes 4806 for tissue treatment and LEDs 4808 for iluminating tissue, according to
one aspect of the present disclosure. In one aspect, the LEDs 4808 can be provided on
the periphery of the flexible circuit electrode assembly 4804 to provide visualization at
the surgical site. A layer may be added to the flexible circuil electrode assembly 4804
where the LEDs 4808 are printed/connecied along the periphery thereof {o emit light at
the surgical site. A separate power source for the LED 4808 from the flexible circuit
electrode 4306 permits lighting at all fimes and adds another functional feature for the
end user o increase their visualization.

[0710] FiG. 190 is an elevation view of a clamp jaw assembiy 4800 comprising an
upper jaw member 4802a and a lower jaw member 48020 comprising a flexibls circuit
electrode assembly 4804 in the lower jaw member 4802h, according {0 one aspect of the
present disclosure. The upper and lower jaw members 4802, 4802b are movable relative
to each such that either the upper or lower jaw member 4802a, 48020 is movable or

both are movabie. The flexible circuit electrode assembly 4804 comprises an elecirode
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4808 and a plurality of LEDs 4808 positioned arcund the periphery of the lower jaw
meamber 4802hb.

[0711] FIG. 191 is a plan view of the flexible circuit electrode assembiy 4804
comprising the electrode 4806 and the plurality of LEDs 4808 positioned around the
periphery of the lower jaw member 4802h, according to one aspect of the present
disclosure. The LEDs 4808 may be printed along the perimester or periphery 4816 of ths
flexible circuit electrode assembly 4804, Power to the electrode 4806 is provided by a
first electrical conductive element 4810 and power to the LEDs 4808 is provide by a
second electrical conductive element 4812, The conductive slemeants 4810, 4812 are
coupled to the conirol circuit 2402 and/or the generalor 2404 (FIG. 104). A knife siot
4814 is provided to enable a knifs to reciprocate therealong.

[0712] To provide improved visualization at the surgical site and to reduce risk of
inadvertent tissue damage, the flexible circuit electrode assembly 4804 can be
constructed in mullipis layers of conductive and insulating materiais. On one such layer
LEDs 4808 can be embedded along the outer edge 4816 of the flexible circuit elecirode
assembly 4804 or on the entire conductive layer 4818 to provide ilumination directly at
the surgical site where the jaws of the clamp jaw assembly 4800 (FIG. 190) of the
electrosurgical instrument. A company that produces such LEDs 4808 is Rohinni, which
produces LEDs 4808 using diocdes about the size of a red biood cell. The LED 4808 light
layer may be supplied its own powsr source through the second conductive slement
4812 {o provide illumination 100% of the time thus adding a level of additional
functionality to the device as a visualization tool. The electrode 4806 can be powerad
with an independent power source through the first elecirically conductive element 4810.
[0713] FIG. 192 is a section view of the flexible circuil slectrode assembly 4804 taken
along section line 182--192 as shown in FIG. 191, according to one aspsct of the
present disclosure. The flexible circuit electrode assembly 4804 comprises conductive
layers 4820 (e.g., copper) between the electrically insulative layers 4822 (s.q.,
polyimide, polysster, fluorocarbon, or any polymeric material, or any combinations
thereof}. The glectrods 4806 is the exposed conductor laysr on upper of the flexibls
circuit electrode assembly 4804, The LEDs 4808 are located about the periphery 4816 of

the flexible circuit electrode assembly 4804,
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8. Flexible Circuit Electrode Including LED For Sianaling Stalus

[0714] FIGES. 193-194 illustrate a flexible circuit electrode assembly 4882 comprising
an elecirode 4906 and an LED 4808 for signaling status, according to one aspect of the
present disclosure. FIG. 193 is a perspective view of a clamp jaw assembly 4800
comprising an upper jaw member 4802z and a lower jaw mamber 4902b and a flexible
circuit electrode assambly 4804, according to one aspect of the present disclosurs. The
upper and lower jaw members 4902, 48302b are movable relative 1o each such that either
the upper or lower jaw member 4802a, 4902b is movable or both are movable. An LED
section 4910 of the flexible circuit electrode assembly 4904 comprises a plurality of
LEDs 4908 to provide improvad visualization at the surgical site. The LED section 4810
is positioned in the upper jaw member 4802a and the slectrodes 4808 is located in the
fower jaw member 4902b to provide visual indication of tissue sealing status. Signaling
at the surgical site enables the surgeon to see the LED signal without having to look at
the device ouliside the surgical site. Power and communication o the LED section 4910
is provided through a first conductive element 4814 and power o the electrode 4806 is
provided through a second conductive element 4818, The conductive elemenis 4814,
4918 are coupled to the control circuit 2402 and/or the generator 2404 (FIG. 104). A
knife slot 4912 is provided to enable a knife to reciprocate therealong.

[0715] in one aspect, the LEDs ssction 4810 comprises colored LEDs 4808. In one
aspect, three LEDs 4908 are provided. A red LED 4808z, a vellow LED 49308b, and a
green LED 4808c¢, for example. Additional or fewer LEDs 4908 may be smploved as well
as different colors. The colored LEDs 4910 provided on a separate leg of the flexible
circuit electrode assembly 4804 can be connecled back to a control circuit 2402 or
genarator 2404 (FiG. 104). The red LED 4908a/yellow Led 4808b/green LED 4908c on
the upper jaw member 48022 may be combined with tones to indicate different
conditions at the surgical site. Visualization can be linked {o other sensor feedback such
as tissue status via temperature, photo oplics, jaw position, among others. Improved
visual communication at the surgical site provides consistent tissus performance and
improved communication to user of device status - generaior status and tissue siatus.
[0716] FIG. 194 is a plan view of the flexible circuit electrode assembly 4904 shown
in FIG. 193, according to one aspect of the present disclosure. The flexible circuit
electrode assembly 4804 comprises two sections, an electrode section 4918 and an

LED section 4910 such that the LED section 4910 can be located in one jaw member
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and the slectrode saction 4818 can be localed in the othar jaw membser. The LED
saclion 4810 comprises a first group of colored LEDs 4808 red LED 48083, a ysllow
LED 4808b, and a green LED 4008c¢ on one side, and a second group of colored LEDS
4908 red LED 48088’, a yellow LED 49080, and a green LED 4908¢’ on the other side
to provide added visibility of the LEDS signals to the surgeon. The conductive elemenis
4914, 4816 coupled to the elscirode and LED section 4810 on one side and the conirol
circuit 2402 and/or the generator 2404 (FIG. 104) on the other and the knife slot 4812
are also shown.

[0717]  With reference now to FIGS. 193 and 194, the flexible circuit electrode
assembly 4804 can be constructed in multiple layers of conductive and insulating
matsrials and each layver may have different geometrical patterns and different powsr
sources. On one such layer, independent of the electrode 49086, may comprise the
colored LED 4808 lighis embedded along the periphery 4920 and can exiend in such a
way that it may be routed and sscured into the jaw member 4802a, 4502b of a
monapolar or bipolar RF slectrosurgical instrument that is opposite io the jaw member
4902a, 48020 that contains the slscirode 4906, The LED 4806 layer can have its own
power/communication source through conductive element 4916 linked back io the
control circuit 2401 and/or the generator 2404 (FIG. 104). The colored lighting would
provide a visual signal in the surgical field and would not require the user to move their
focus outside of the surgical field. The colored lighting could be synced o communicate
the power state of the slectrosurgical instrument, including tones, or other sensor
feedback driven tissue status updates related to temperature, photo oplics, jaw position,

among others.

C. Flexible Circuit Elscirode Assembly Including Optical Sensing System

[0718] FIGS. 195-196 illustrate a flexible circuit electrode assembly 5004 comprising
an optical sensing system 5014 comprising at least one light emitting diode 5908 (LED)
and photo sensor 5010 to provide an indication of issue status and visualization of the
surgical sits, according to one aspeci FIG. 195 is an elevation view of a clamp jaw
assembly 5000 comprising an upper jaw member 5002a and a lowsr jaw member 5002b
and a flexible circuit electrode assembly 5004, according to one aspect of the present
disclosure. The upper and lower jaw members 5002, 5002b are movable relative to each

such that either the upper or lower jaw member 5002a, 5002b is movable or both are
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movable. The flexible circuit slectrode assembly 5004 comprises an upper jaw porlion
5004a and a lowsr portion 5004b. The upper jaw portion 5004a comprises one
component of the oplical sensing system 5012, a plurality of LEDs 5008, and also may
comprise an electrode. The lower jaw portion 5004b comprises an elecirode 5006 and
another component of the optical sensing system 5012, an phot sensor 5018, such as a
photediode, to delect the light emitied 5016 by the LEDs 5008, The LEDs 5008,
electrode 5006, and optical sensor 5010 are coupled back {o the control circuit 2402
and/or the generator 2404 (FIG. 104).

[0719] in one aspect, ons or more than one optical sensor 5610 can bs incorporated
into a flexible circuit electrode assembly 5004 {o determine changes in tissue 5012
condition. The monopolar or bipolar RF slectrosurgical instruments generally may use
one tissue paramester, impedance, to detsrmine the effect thal the RF slectricity has had
on the tissue 5012, Providing additional feedback 1o the control circuit 2402 and/or the
generator 2404 (FiG. 104) can improve the confidence level of the surgeon that a tissue
saal has been created in the tissue bundles treated between the clamp jaw assembly
5000 of the end effector of the elecltrosurgical instrument.

[0720] Atleastons LED 5006 located on one jaw member 50023, 5002h in
combination with an optical sensor 5010 {e.g., photodiode) located on another jaw
member 5002a, 5002b can be used to determing when the lissue seal is complete. The
focation of the tissus 5012 within the jaw members 5002a, 5002b (distal vs. proximal),
blood pressure, and force within the jaw membaers 50023, 5002b. The LED 5006 can
serve a second purpose of providing lighting and furthering surgeon visibility.

[0721] The LED 5006 can either be comprised of organic polymsrs and small
molecules or inorganic structures. In this illustration, patternable organic LEDs 5006 are
formed by vapor thermal evaporation and patternad using stencil lithography on ths
flexible circuit electrode assembly 5004, The photodiode optical sensor 5010 can be
covered by an optical window which permits only selected wavelength transmissions.
The window also may be coaled for durability, or contain one or more lenses for different
diffraction gradients. The pholodiode oplical sensor 5010 or the LED 5008 is mounted to
the frace layer of a separate flexible printed circuil of the flexible circuit electrode
assembly 5004 where individual conductors are photo etched from copper or another
conductor. Traces in the flexible circuil, which are connected {o the photodiode optical

ssnsor 5010 or the LED 5006 are routed proximally to carry the sensor current 1o the
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analog procassing electronics localed sithsr in the handle of the instrument and/or the
generator. These slectronics may comprise of amplifiers, digital converters, and pass
band fillers, and be pat of the control circuit 2402 (FIG. 104) or the generalor 2404 (FIG.
104). The location and intensity of light reception by the photodiode optical sensor 5010
can indicate the lissue thickness as well as tissug location within the jaw members
5002a, 5002b of the clamp jaw assembly 5000, while the LEDs 5006 can provids a
secondary function of further enhancing surgeon visualization in confined spaces.
[0722] FIG. 196 is a logic diagram 5020 of operating the optical sensing system 5014
described in connection with FIG. 185, according 1o one aspect of the present
disclosure. The optical sensing system 5014 conirolied by the control circuit 2402 (FIG.
1043}, The logic diagram 5020 will now be described in connection with FiG. 185, Power
is applied 5022 to the LEDs 5008 and the photo sensor 5010 via a trace in the flexible
circuit electrode assembly 5004, Accordingly, light 5016 is transmitied from the LEDs
5008 through the tissue 5012 and light that is not absorbed by the tissue 5012 is
detscied 5024 by the photo sensor 5010, The photo sensor 3010 generates an analog
signal proportional {o the light sensed by the phot sensor 5810, The control circuit 2402
raceives 5026 the analog signal from the phot sensor 5010, The analog signal is filtered
5026 and is provided to an digital signal processing circuits located in the handle of the
elsctrosurgical instrument. The digital signal processing circuils include at least one
analog-to-digital converter and a digital signal processor. The analog signal is converted
io a digital signal and is processed 5028 by the digilal signal processing circuiis. The
process described above, can be applied to a plurality of LEDs 5008 and/or a plurality of
phot sensors 5010 may be provided to evaluale tissue 5012 in different location in the

clamp jaw assembly 5004,

3. Flexible Circuit Electrode including Lighi Pipe And LED Light Source

[0723] FIG. 197 illustrates a flexible circuit electrode assembly 5100 comprising an

electrode 5102 and a light pipe 5104, according to one aspsct of the present disclosure.
A light source 5106 is provided to transmit light into the light pipe 5104 to Hluminate the
surgical site and enhance the visibility of the surgical field of view. An LED light source
5106 is used in conjunction with a polymer layer acting as a light pipe 5104 {o provide
better illumination at the surgical site and improved visibility of the surgical field of view.

As a result this technique should minimize unintended tissue damage. A polymer layer
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5108 is incorporated into a flexible circuil elecirode assembly 53100, The polymer layer
5108 comprises geomstric features 5110 o refract the incoming light source 5106
outward to provide light 5112 1o illuminate the distal end of the electrosurgical instrument

as well as the surrounding surgical field of view.

E. Flexible Circuit Electrode Including Liaght Pipe And Optical Fiber Light Source

[0724]  FIG. 198 illustrates a flexible circuil elsctrode assembly 5200 comprising an

electrode 5202 and a light pipe 5204, according to one aspect of the present disclosure.
The light pips 5204 comprises an optical fiber light source 5206 to illuminate the surgical
site and enhance the visibility of the surgical field of view. The flexible circuit elscirode
assembly 5200 comprises an optical fiber in conjunction with a polymer layer 5208
acting as a light pipe 5204 {o illuminale the surgical site and enhance the visibility of the
surgical field of view and as a resuit can minimize unintended tissue damage. The
polymer layer 5208 is incorporated info the flexible circuit electrode assembly 5200. Ths
polymer layer comprises geomstric features 5210 {o refract the incoming light source
5206 cutward to provide light 5212 o iluminate the distal end of the instrument as well

as the surrounding surgical field.

X, PROXIMITY SENSING

A. Electrosurgical Instrument Equipped With Inductive Element Based Proximity Sensor

[0725] The end effector portion of an electrosurgical instrument can be equipped with
an inductive element to implement an inductance based proximity sensor. It is
advantageous to understand the position of a moving jaw member of the clamp jaw
assembiy of an end effector portion of an slectrosurgical instrument relative to the
opposite jaw member. This information allows the elsclrosurgical instrument fo
determine or infer the location of the tissue, the tissue type, or the intended use, and
adjust the output of the electrosurgical instrument accordingly

[0726] A flexible circuit slectrode assembly may comprise a continuous wire looped
through multiple laysrs that can be accomplished by printing one layer and folding over
to create an inductive coil. The circuit comprises a lead and refurn as two connections {o
the proximal end of the electrode and is anchored to two separate insulated wires that
run proximally 1o the handle. No additional circuilry is needed at the distal end of the

electrode. A smali current is applied by the control circuit 2401 and/or the generalor

138



WO 2017/146902 PCT/US2017/016919

2404 (FIG. 104) {o the inductive coil and to monitor its relurn. The return from ths
inductive coil will be indicative of the position of other metallic objscts near the elscirode,
mainly the other jaw member of the electrosurgical instrument. If the inductor indicates
an excessively large distance for the other jaw member it can infer that extraordinarily
thick tissue is present, or that the surgeon is intentionally feathering on thick tissue
without over compressing it. The electrosurgical instrument can use this information io
increase its output current knowing that there will be more resistance due io the tissue
thickness.

[0727]  Additionally, the inductor can be custom calibrated for how much the field is
maodified based on the position of the jaw member during the manufacturing process.
Equipment could conirol the position of the jaw member, aither as a sub-assambly, ora
full device assembly, and monitor the induclive response at diffsrent positions. The

resultant calibration can be recorded as a parameter on the device's specific EEPROM.

B. Proximity Sensor System Including Inductive Element Formed On A Flexible Circuit

[0728] FIGS. 188-208 illusirate a proximity sansor sysiem 5300 comprising an
inductive element 5302 formed on a flexible circuit 5304, according fo one aspect of the
present disclosure. The proximity sensor system 5300 also comprises an inductance-to-
digital convertar circuit 5306.

[0729] FIG. 199 is a schamatic diagram of a proximity sansor sysiem 5300
configured to measure axial distance “d” to a target 5322 | according 1o one aspect of
the present disclosure. The proximity sensor system 5300 comprises an inductive
element 5302 formed on a flexible circuit 5304, The inductive element 5302 is coupled to
an inductance-to-digital converter circuit 5306 to convert the analog signal from the
inductive element 5302 to a digital signal, which can then be digifally processed by the
control circuit 2402 (FIG. 104).

[0730] FIG. 200 is a funclional block diagram of the proximity sensor system 5300,
according {o one aspect of the present disclosure. The inductive element 5302 can be
modelad as an inductor L in series with a resistor Rp and in paraliel with a capacitor C.
The inductive slement 5302 is couplad io the inductance-to-digital convertsr circuit 5306.
The signal is received by an inductance-to-digital converter 5308. The digital oulput of
the inductance-to-digital converter 5308 is coupled to a threshold detector 5310, a

proximity data register 5312, and a frequency counter daia register 5314, The outputs
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from the threshold detscior 5310, proximity data register 5312, and frequency counter
data register 5314 are provided to a 4-wirg serial interfacs 5320 for communication
purposes. A frequency counter 5316 is coupled o the frequency counter data register
5314, The inductance-to-digital converter circuit 5306 comprises a power section 5318
to condition the power for the inductive slement 5302.

[0731] The inductance-to-digital convertsr circuit 5308 measures the parallel
impedance of the LC resonator of the inductive element 5302. i accomplishes this task
by regulating the oscillation amplitude in a closed-loop configuration to a constant level,
while monitoring the ensergy dissipated by ths resonator. By monitoring the amount of
power injected info the resonator, the circuit 5308 can determine the value of Rp and it
returns this as a digital value which is inverssly proportional o Rp. The threshold
detector 5310 block provides a comparator with hysteresis. With the threshold registers
programed and comparator enabled, the proximity data register 5312 is compared with
threshold registers and indicates the oulpul. The circuit 5308 has a simple 4-wire serial
interface 5320.

[0732] FIG. 201 is a simplified circuit model of the proximily sensor system 5300 and
a proximal metal farget 5322, according fo one aspect of the present disclosure. An AC
source 5323 provides an allemnating current that flows through a coil L will generate an
alternating current (AC) magnetic field. If a conductive material, such as a metal target
5322, is brought into the vicinity of the coll L, this magnetic field will induce circulating
currents {eddy currenis) on the surface of the target. These eddy currents are a function
of the distance, size, and composition of the target 5322. The eddy currents then
generate their own magnetic figld, which opposes the original field generated by the coil
L. This mechanism is best compared {0 a transformer, where the coil is the primary core
and the eddy current is the secondary core. The inductive coupling batween both cores
depends on distance and shape. Hence the resistance and inductance of the secondary
core (eddy current), shows up as a distant dependent resistive and inductive component
on the primary side (coil).

[0733] FIG. 202 is a simplified circuit model of 2 metal target 5322 modeled as an
inductor Ly and resistor Ry with circulating eddy currents 5325, according to one aspect
of the present disclosure. The eddy currents 5325 generated on the surface of the target
5322 can be modeled as a transformer. The coupling 5324 between the primary and

sscondary coils is a function of the distance “d” and the conductor's characteristics. The
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inductance Ls is the inductance of the coll L shown in FIG. 201 and Rs is the parasitic
sarigs resistance of the coil L shown FIG. 201. The inductancs L{d}, which is a function
of distance “d” is the coupled inductance of the metal farget 5322. Likewise, R{d) is the
parasitic resistance of the eddy currents and is also a funclion of distance.

[0734] FIG. 203 is a schematic diagram of a linear position sensing system 5330
comprising an inductive element 5302 formed on a flexible circuit 5304 and an
inductance-to-digital converter circuit 5308, according io oneg aspect of the pressnt
disclosure. The inductive element 5302 can be formed on a flexible circuit 5304 and
instalied in a jaw member of a clamp arm assembly in accordance with the present
disclosure. The inductive slemsnt 5302 is coupled {o the inductance-to-digital convertsr
circuit 5308 by a capacilor C. The cutput of the inductance-to-digital converter circuit
5308 is a linear representation of the pasiton of a conductive farget 5332 relative {0 the
inductive element 5302,

[0735] FIG. 204 is a graphical representation 5334 of the linear position sensing
system 5330 shown in FIG. 203, according to one aspect of the present disclosure. The
vertical axis is the digital output of the inductance-to-digital convearier circuit 5308 and
the horizontal axis represents the position of the conductive target 5332 relative to the
inductive element 5302,

[0736] FIG. 205 is a schematic diagram of an angular position sensing sysiem 5340
comprising a flexible circuit inductive slement 5302 formed on a flexible circuit 5304 and
an induclance-to-digital converter circuit 5308, according to one aspect of the present
disclosure. The inductive element 5302 can be foermed on g Hexible circuit and installed
in a jaw member of a clamp arm assembly. The inductive element 5302 is coupled to ths
inductance-to-digital converter circuit 5308 by a capaciior C. The output of the
inductance-to-digital convertar circuit 5308 is a saw tooth waveform that represents ths
angular position of a conductive farget 5342 relative to the inductive element 5302. The
saw tooth graph that is linear output over a 360° range.

[0737] FiG. 206 is a graphical representation 5346 of the angular position sensing
system 5340 shown in FIG. 203, according {o one aspect of the present disclosure. The
vertical axis is the digital output of the inductance-to-digital converter circuit 5308 and
the horizontal axis represents the angular position (deg) of the conductive target 5342

relative to the inductive slerment 5302.
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[0738] FIG. 207 is an uppsr layer layout 5350 of the inductive element 5302 formed
on a flexibls circuit 5304 and an inductance-to-digital converter circuit 8308 and FIG. 208
is a lower layer layout 5352 of the inductive element 5302 formed on a flexible circuit

5304 and an inductance-to-digital converier circuit 5308.

XXV, FLEXIBLE CIRCUIT ELECTRODES COATED WITH INSULATION
[0739] FIGS. 209-210 illustrate examples of flexible circuit electrodes coated with
ultraviolet (LJ.V.) cured paint insulation systems, according fo one aspect of the present
disclosure.

[0740] FiG. 209 illustrates a coating process 5400 for applying a dielectric material
5402 on an electrical connection 5404 or joint betwsen a flexible circult electrode
assembly 5406 and an electrical conductor 5408 with, according to one aspect of the
present disclosure. A first mask 5410 is provided over the flexible circuit electrode
assembly 5406 and a second mask 5412 is provided over the other circuit elemsnts
such as the electrical conductor 5408, which is tied to ground 5414 during the coating
process. An elscltrospray nozzle 5416 is used for 2 localized application of 2 small
amount of dislectric material 5402 in paint on the slectrical connection 5404, Spraying
the dielectric material 5402 in paint form or lacquer form leaves no gaps in the coating.
in one aspect, fransfer windings are coated in lacquer to prevent shorting. The eisclrical
connection 5404 is coated in lacquer and all expossd metal surfaces all eleciro-sprayed.
[0741] FIG. 210 is an electrical schematic diagram 5420 of the electrospray process,
according to one aspect of the present disclosure. As shown in FIG. 210, an
electrospray nozzie 5416 is positively charged to a high voltage, e.g., +100V. An active
rod target 5422, such as the electrical connection 5404 shown in FIG. 209, {o be coated
is tied to ground 5414, When the electrospray nozzie 5410 is activated, it releases

charged lacquer particles 5424, which coat the target 5422,

XXV, HEATING, CUTTING WITH HEAT, AND COOLING

A. Tempsrature Sansor Overmolded With Flexible Circuit Elscirede

[0742] FIGE. 211-215 illustrate temperature sensor overmoldad with a flexible circuit
electrode assembly located in a jaw member to provide g biocompatible clamp jaw
assembly, according {o one aspect of the present disclosure. Temperaiure sensors can

be disposed in a clamp jaw assembly to provide real time accurate measurement of
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femperature at the jaw member and can provide improved tissus temperaiure control
when used o conirol device power culput and seal termination. Biocompatibility of
sensor material, wire protection and routing, and assembiy difficulties prevent simple
integration of temperature sensors (or other sensors: force, light etc.) in the jaw member.
Biocompatibility of thermistor material, wire protection and routing, and assembly
difficulties prevent simple infegration of tamperature sensor or other sensors iypes.
[0743] Thermistors would provide real time accurate measurement of temperaiure at
the jaw and can provide improved fissue temperature controf when used to control
device power cutpul and seal termination. The temperalure sensors can be soldered,
adhered, or placed on the electrode lowsr with an injection molding tool to inject
insuiator material (glass filled polyamide for sxample) around wires {o lock them in place.
Encapsulated sensors and wires keep patient safe and improve assembly. Betler
control of power can improve seal strength and procedural efficiency. In one aspect, a
configuration and method of manufacturing a flexibie circuit elecirode assembly
comprising embedded temperature sensor in a monopolar or bipolar RF vesssl sealsr
clamp jaw assembly are provided.

[0744] FIG. 211 is a perspective view of a clamp jaw assembly 5500 configured for
an electrosurgical instrument tissue sealer comprising an embedded temperature sensor
5508, according to one aspect of the present disciosure. The clamp jaw assembly 5500
comprises an upper jaw member 5502a and a lower jaw member 5502b. The upper and
lower jaw members 5502a, 5502b are movable relative to each other. One or both jaw
member 5502a, 5502b may be movable. The temperature sensor 5506 can be
overmoided with a flexible circuil slectrode assemibly 5504. The flexible circuit slectrode
assembiy 5504 may be located in at least one of the jaw members 5502a, 5502b or
both. A knife siot 3508 is provided in at least ons jaw member 5502b to enable a knife {0
reciprocaie therealong. A plurality of elemenis or supper members 5518 are formed on
the tissue contacting surface 5510 of the flexible circuit electrode assembly 5504,
[0748] FIG. 212 is a plan view of the flexible circuit electrode assembiy 5504
comprising an embeddsad temperature sensor 5508 overmolded therewith, according fo
one aspect of the present disclosure. The flexible circuit electrode assembly 5504
comprises an electrode 5510 on a tissue contacting surface 5512 and one or more
embedded temperatures sensor 5506 located just below the tissue contacting surface

5512, A first electrical connsclor 5514 is provided to supply power {o and read a signal
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from the temperature ssnsor 5508, A sscond connector 5518 is provided to supply
power 10 the elecirode 5510,

[0748] FIG. 213 is a perspective view from the proximal end of the flexible circuit
electrode assembly 5504 with a temperature sensor 5506 overmolded therewith,
according to one aspect of the present disclosure. The knife slot 5508, the tissue
contacting surface 5512, and the first and second slectrical connectors 5514, 5518 also
are shown.

[0747] FIG. 214 is a section view of the flexible circuit electrode assembly 5504 with
a temperaiure sensor 5506 overmolded therewith taken along seclion line 214--214 as
shown in FiG. 213, according 1o one aspsect of the present disclosure. The section view
Hlustrates the slectrical contact slements 5514 that supply power to and carry signals to
and/or from the tempsrature sensor 5506 located just below the tissue contacting
surface 5512,

[0748] FIG. 215 is a section view of the flexible circuil slectrode assembly 5504 with
a temperature sensor 5506 overmolded therewith taken along section line 215--215 as
shown in FIG. 214, according 1o one aspect of the present disclosurs. This view shows
the lower portion 5524 of the flexible circuit elecirode assembly 5504 that is attached to
the lower jaw member 5502b of the clamp arm assembly 5500. Recesses or apertures
5520 are formed in the lower portion 5524 of the flexible circuit electrode assembly 5502
that housss the lemperature sensor 5588, FIG. 215 also provides another view of the
electrical contact elements 5518 located below the tissue contacting surface 5512 and
the knife slot 5508.

B. Flexible Circuit Elecirode Including RF Electrode With Tissue Contacting Surface
And Heater Element To Create Dual Energy Source For Treating Tissue

[0749] FIG. 216 illustrates a flexible circuit electrode assembly 5600 comprising a RF
electrode 5602 with a tissue contacting surface and a heater element 5604 thus creating
a dual energy source for treating tissus, according o one aspect of the present
disclosure. In one aspect, a vapor film with high resistance zones is depusited on a layer
beneath the exposed RF elecirode 5602 o form a resistive heating layer 5604, The
giscirode 5602 may be formed of copper or other electrically conductive metal.
Accordingly, the electrode 5602 defines a first heating zone o seal tissue and the
resistive heating layer 5604 defines a sscond heating zone to raise the tissue

temperature. The resistive healing laver 5804 comprises a plurality of resistive healing
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slements 3806, When low impedance tissue is detectsd on the lissue conlacting surfacs
of the electrode 5802, the resistive heating layer 5604 can be activated. Haat from the
resistive heating layer 5604 works in conjunction with the RF energy from the slectrode
5602 to raise the tissue temperature to a water desiccating temperature. This provides g
technigue for heating low impedance tissuss in an RF electrosurgical instrument tissue
sealer. An electrically insulative layer 5608 is disposad between the elactrode 5802 and
the resistive heating layer 5604, The flexible circuit electrode assembly 5600 is coupled
to the control circuit 2402 and/or the generator 2404 (FIG. 104) to detect the low
impedance tissue disposed on the electrode 5602 and to drive a current through the

resistive heating layer 5604 to control its temperaturs.

C. Process Of Sealing, Cooling, And Cutling Tissue Wile Cooling

[0750] Electrosurgical instruments generally depend on mechanical force input from
the surgeon 1o drive a knife to cut tissus. An eleclric knife increases ease of operation,
but a conventional slectric knife may be subject to excessive heat spread to the tissue.
Thus, an slectrical knife alone may not provide the best resuits because of tissue
overheating concerns. Emploving flexible circuit technology, however, it is more practical
to incorporate MEMS based cooling cells to offsel increased heat spread from the
eisctric knife. The surgeon would experience ease of use because they only need fo
push a button to activate the electric knife and the cooling cells.

[0751] FIGS. 217-219 illustrate a process of sealing, cooling, and cuiting tissue wile
cooling, according to one aspect of the present disclosure. The process may be carried
out with a clamp jaw assembly comprising an upper jaw member and a lower jaw
member and a flexible circuit electrode assembly comprising an eleciric knife, one or
maore cooling cells, and one or more electrodes disclosure. The electrodes may be
disposed either in the upper or lower jaw member, or both, and are provided to make a
tissue seal. The upper and lower jaw members are movable relative to each other,
where either one of the upper and lower jaws are movable or both are movable. The
slsciric knife and/or the cooling cells can be implemanted with superconducting heat
and/or microglectromechanical systems (MEMS) cooling celis. The slectrosurgical
instrument employs a flexible circuit electrode assembly that contains multiple circuits
such as electrodes for sealing the tissue, an electric knife for cuiting the tissue, and

cooling cells the cooling the tissue. The elecirodes, electric knife, and cooling ceils ae
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coupled io the control circuit 2402 and/or the generator 2404 (FIG. 104) to control the
operation of gach of the separats circuits controlling sealing, cooling, and cutling tissus.
[0752] FIG. 217 is a section view of a clamp jaw assembly 5700 in the process of
performing a first step of sealing tissue disposed in the clamp jaw assembly 5700,
according to one aspect of the present disclosure. The circuils disposed on the flexile
circuit electrode are configured as elsctrodes to ssal tissue using RF anergy via
electrodes 5702a, 5702b.

[0753] FIG. 218 is a section view of the clamp jaw assembly 5700 shown in FIG. 217
in the process of performing a second step of cooling the tissue disposed in the clamp
jaw assembly, according to one aspect of the present disciosura. The circuits disposed
on the fexils circuit electrode are configured as cooling celis 5704a, 5704b to cool the
tissue by aclivating the MEMS elemenis. Next both pads would activate MEM cooling
cells, which would have thermal reservoirs attached to a super conduclive bar that runs
the length of the shafi {o a cold reservoir in the handle. This bar would be insulated
atong the lsngth of the shaft.

[0754] FIG. 218 is a section view of the clamp jaw assambly 5700 shown in FIG. 217
in the process of performing a third step of cooling and cutting the tissue disposed in the
clamp jaw assembly, according to one aspect of the present disclosure. The circuits
disposed on the flexile circuit electrode are configured as a MEMS electric knife between
electrode 5708a, 5706h to cut the tissue while limiting the thermal spread in the tissue
with cooling cells 5708, and thus eliminating the need for a mechanical knife. While the
cooling cells 5708 are activated, a third circuit is triggered to transect or cut the lissue
betwsen electrodes 5706a, 57060, isolating thermal energy 10 the region intended to be
cut. Thus transecting tissue with minimal thermal spread o neighboring tissue. This
would make an electric knifg a viable solution without excessive tissue damage.

[0755]  While the examples herein are described mainly in the confext of
electrosurgical instruments, it should be understood that the teachings herein may be
readily applied to a variety of other types of medical instruments. By way of example
only, the tsachings herein may be readily applied to tissue graspers, tissue retrieval
pouch deploying instruments, surgical staplers, ultrasonic surgical instruments, efc. It
should also be understood that the teachings herein may be readily applied to any of the
instruments described in any of the references cited herein, such that the teachings

herein may be readily combined with the teachings of any of the references ciled hersin
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in numercus ways. Other types of instrumenis into which the teachings herein may be
incorporated will be apparent to thoss of ordinary skill in the art.

[0758] i should be appreciated that any patent, publication, or other disclosure
material, in whole orin part, that is said to be incorporated by reference herein is
incorporated herein only to the exient 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 exient necessary, the disciosure as explicitly sel 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 sel forth herein
will only be incorporaied to the exdant that no conflict arises betweaean that incorporated
material and the exisling disclosure material.

[0757] Aspecis of the devices disclosed herein can be designed o be disposed of
after a single use, or they can be designed to be ussd multiple times. Aspects may, in
either or both cases, be reconditioned for reuse after at least one use. Reconditioning
may include any combination of the staps of disassembly of the device, followed by
cleaning or replacemesnt of particular pieces, and subsequent reassembly. In particular,
aspects of the device may be disassembled, and any number of the particular pieces or
parts of the device may be selectively replaced or removed in any combination. Upon
cleaning and/or replacement of particular parts, aspects of the device may be
reassembled for subsequent use either al 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 ulilize a variety of technigues for disassambly,
cleaning/replacement, and reassembly. Use of such technigques, and the resulting
raconditioned device, are all within the scops of the praseant application.

[0758] By way of example only, aspscis 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 sierilization 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 penstraie 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 steriie container. The sealed conlainer may keep the instrument sterile until
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it is opensd in a madical facility. A device may also be sierilized using any other
technigue known in the arl, including but not limiled to beta or gamma radiation, ethylene
oxide, or steam.

[0759] Having shown and described various aspects of the present invention, further
adaptations of the methods and systems described herein may be accomplished by
appropriate modifications by ons of ordinary skill in the art without departing from the
scope of the present invention. Several of such polential modifications have been
mentioned, and others will be apparent to those skilled in the art. For instance, the
exampies, aspects, gsometrics, materiais, 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 fo the details of structure and operation shown and
described in the specification and drawings.

[0760]  While various details have been set forth in the foregoing description, it will be
appreciated that the various aspects of the flexible circuits for electrosurgical instrument
may be practiced without these spscific details. For example, for concisensss and
clarity selected aspects have been shown in block diagram form rather than in detail.
Some portions of the detailed descriptions provided herein may be presented in terms of
instructions that operate on data that is stored in a computsr memory. Such descriptions
and represaniations are used by thoss skilled in the arl to describe and convey the
substance of their work io others skilled in the art. In general, an algorithm refers to a
self-consisient sequence of steps leading 1o a desired result, where a “step” refers to a
manipulation of physicai quantities which may, though need not necessarily, take the
form of elecirical or magnetic signais capabils of being siored, transferred, combined,
compared, and otherwise manipulated. 1t is common usage to refer o thess signals as
bits, values, elements, symbols, characlers, terms, numbaers, or the like. Thess and
similar terms may be associated with the appropriate physical quantities and are merely
convenient labels applied o these quantities.

[0761] Unless specifically staled otherwise as apparant from the foregoing
discussion, it is appreciaied thai, throughout the foregoing description, discussions using
terms such as “processing” or "computing” or “calculating” or “determining” or
“displaying” or the like, refer {o the action and processes of a computer system, or

similar glectronic computing device, that manipulates and transforms daia represenied
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as physical (eleclronic) guantitiss within the computer systent's registers and memories
into other data similarly reprasented as physical quaniities within the computer system
memories or registers or other such information storage, transmission or display
devices.

[0762] itis worthy {0 note that any reference {0 “one aspect,” "an aspect,” “one
aspect,” or “an aspect” means that a particular feature, struciure, or charactsristic
described in connaclion with the aspect is included in at least one aspect. Thus,
appearances of the phrases “in one aspect,” “in an aspect,” “in one aspect,” or “in an
aspect” in various places throughout the specification are not necessarily all referring o
the same aspect. Furthermore, the particular features, structures or characteristics may
e combined in any suitable manner in one or more aspects.

[0763]  Although various aspecis have been described herein, many modifications,
variations, substitutions, changes, and equivalenis to those aspecis may be
implemented and will occur to those skilled in the art. Also, where materiais are
disclosed for ceriain componeants, other malerials may be used. ltis therefore {0 be
undersiood that the foregoing description and the appended claims arg intendsd (o
cover all such modifications and variations as falling within the scope of the disclosed
aspects. The following claims are intended to cover all such modification and variations.
[0764] Some or all of the aspects described herein may generally comprise
technologies for flexible circuits for electrosurgical instrument, or otherwise according {0
technologies described herein. In a gensaral sense, those skilled in the art will recognize
that the various aspecis described herein which can be implemented, individually and/or
collectively, by a wide range of hardware, sofiware, firmware, or any combination thereof
can be viswed as being composed of various types of “electrical circuilry”
Consequently, as used herein “electrical circuilry” includes, but is not imited o, electrical
circuitry having at least one discreie electrical circuit, electrical circuitry having at least
one integrated circult, electrical circuitry having at least one application specific
integrated circuit, slectrical circuitry forming a2 general purpose computing device
configured by a computer program {e.¢., a general purpose compuler configured by a
computer program which at least partially carriss out processes and/or devicss
described herein, or a microprocessor configured by a computer program which at least
partially carries out processes and/or devices described herein), elecirical circuitry

forming a memory device (e.¢., forms of random access memory), and/or electrical
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circuitry forming a communications devics (e.g., a modem, comimunications switch, or
optical-slectrical equipment}. Those having skill in the art will recognizs that the subject
matter described herein may be implemenied in an analog or digital fashion or some
combination thereof.

[0768] The foregoing detailed description has set forth various aspects of the devices
and/or procasses via the use of block diagrams, flowcharts, and/or examples. insofar as
such block diagrams, flowcharis, and/or examples contain one or more functions and/or
operations, it will be understood by those within the art that each function and/or
operation within such block diagrams, flowcharts, or examples can be implementead,
individually and/or collectively, by a wide range of hardware, software, firmware, or
virtually any combination thereof. In one aspect, several portions of the subject matter
described herein may be implemented via Application Specific Integrated Circuils
(ASICs), Field Programmable Gate Arrays (FPGAs), digital signal processors (DSPs), or
other integrated formats. Those skilled in the art will recognize, however, that some
aspects of the aspects disclosed hersin, in whole or in pari, can be squivalently
implemented in intsgrated circuits, as one or More COMpPUisr Programs running on one or
more computers {(&.Q., as ONe OF MOore programs running on one or more computer
systems), as one or more pPrograms running on one or more Processors (e.g., as one or
More programs running on one oF more microprocessors), as firmware, or as virtually
any combination thersof, and that designing the circuitry and/or writing the code for the
software and or firmware would be well within the skill of one of skill in the art in light of
this disclosure. In addition, those skilled in the art will appreciate that the mechanisms of
the subject matier described herein are capable of being distributed as a program
product in a variety of forms, and that an illustrative aspect of the subject matier
described herein applies regardless of the particular type of signal bearing medium used
o actually carry out the distribution. Examples of a signal bearing medium include, but
are not limited to, the following: a recordable type medium such as a floppy disk, a hard
disk drive, a Compact Disc {CD), a Digital Video Disk (DVD), a digital tape, a computer
memory, atc.; and a transmission type medium such as a digital and/or an analog
communication medium (e.q., a fiber optic cable, a waveguide, a wired communications
link, a wireless communication link {e.g., transmitier, receiver, transmission logic,

reception logic, efc.), efc.).
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[0768]  All of the above-menticned U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign palent applications, non-patsnt
publications referred {o in this specification and/or listed in any Application Data Sheet,
or any other disclosure material are incorporated herein by reference, 1o the extent not
inconsistent herewith. As such, and to the exient 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.

[0767] One skilled in the art will recognizs that the hersin described components
(.g., operations), devices, objects, and the discussion accompanying them are used as
exampies for the sake of conceptual clarity and that various configuration modifications
are contemplated. Conseqguenily, as used herein, the specific exemplars set forth and
the accompanying discussion are intended {0 be reprasentative of their more gensral
classes. In general, use of any specific exemplar is intended {o be representative of iis
class, and the non-inclusion of specific componenis (e.g., operations), devices, and
objects should not be taken limiting.

[0768]  With respect io the use of substantially any plural and/or singular terms
herein, those having skill in the art can fransiate from the plural to the singular andior
from the singular o the plural as is appropriate to the context and/or application. The
various singular/plural permutations are not expressly set forth herein for sake of clarity.
[0769] The herein described subject matier sometimes illustrates different
componentis contained within, or connected with, different other componsnts. itis to be
understood that such depicted architectures are mearely exemplary, and that in fact many
other architectures may be implemented which achieve the same functionalily. Ina
conceptual sense, any arrangement of components o achieve the same functionality is
effectively “associated’ such that the desired functionality is achieved. Hencse, any two
componenis herein combined {0 achieve a particular functionality can be seen as
“associated with” each othar such that the desired functionality is achieved, irrespective
of architectures or intermedial components. Likewise, any two components so
associated can also be viewed as being “operably connected,” or “operably coupled,” to

each other to achieve the desired functionality, and any two componenis capable of
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being so associated can also be viewed as bsing “operably couplable,” to each other to
achieve the desired functionality. Spscific examples of operably couplable include but
are not limited to physically mateable and/or physically interacting componenis, and/or
wirelessly interactable, and/or wirelessly interacting components, and/or logically
interacting, and/or logicaily interactable componentis.

[0770] Some aspects may be described using the expression "coupled” and
“‘connected” along with their derivatives. It should be undersiood that these terms are
not intended as synonyms for each other. For example, some aspects may be
described using the term “connecied” to indicate that two or more glements are in direct
physical or electrical contact with each other. in another example, soms aspects may be
described using the term “coupled” to indicale that two or mors elements are in direct
physical or electrical contact. The term “coupled,” however, also may mean that two or
maore elements are not in direct contact with each other, but yet still co-operate or
interact with each other.

[0771] In some instances, one or more companants may be referred to herein as

Ll n o

“‘configured to,” “configurable {n,” “opsrable/operative to,” “adapted/adaptabls,” “able to.”
“‘conformable/conformed to,” efc. Those skilled in the art will recognize that “configured
to” can generally encompass active-state components and/or inactive-state components
and/or standby-state componenis, unless context requires otherwiss.

[0772] While particular aspects of the prasent subject malter described herein have
been shown and described, if will be apparent to those skilled in the art thatl, based upon
the feachings herein, changes and modifications may be made without departing from
the subject matier described herein and its broader aspects and, therefore, the
appended claims are {0 encompass within their scope all such changes and
maodifications as are within the trus spirit and scope of the subject matter described
herein. It will be undersiood by those within the art that, in general, ierms used herein,
and especially in the appended claims {e.q., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreled as
“including but not limited to,” the term “having” should be interprated as “having at lgast”
the ferm “includes” should be interpreted as “includes but is not limited {0,” efc.). It will
be further understood by those within the art that if a specific number of an introduced
claim recitation is intended, such an intent will be explicitly recited in the claim, and in the

absence of such recitation no such intent is present. For example, as an aid to
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undersianding, the following appended claims may contain usags of the introduciory
phrases “at least ong” and “one or more” {o introduce claim recitations. Howsvar, the
use of such phrases should not be construed to imply that the introduction of a claim
recitation by the indefinite articles “a” or “an” limils any particular claim containing such
introducsd claim recitation to claims containing only one such recitation, even when the
same claim includes the introductory phrases “one or more” or “at least ong” and
indefinite articles such as “a@” or “an” {g.g., “a” and/or “an” should typically be interpreted
to mean “at least one” or “one or more™}; the same holds true for the use of definite
articles used to introduce claim recitations.

[0773] In addition, even if a specific number of an introduced claim recitation is
explicitly recited, those skilled in the art will recognize that such recitation should
typically be inferpreted fo mean at least the recited number {e.g., the bare recitation of
“two recitations,” without other modifiers, typically means at least two recitations, or two
or more recitations). Furthermore, in those instances where a convention analogous to
“at least one of A, B, and C, efc.” is used, in general such a construction is iniended in
the sense one having skill in the art would understand the convention {(e.g., “a system
having at least ong of A, B, and C” would include but not be limited {0 systems that have
A zlone, B alone, C alone, A and B together, A and C together, B and C together, and/or
A, B, and C together, efc.). In those instances where a convention analogous to “al least
one of A, B, or C, etc.” is used, in general such a construction is intendsad in the sense
one having skill in the art would understand the convention (e.g., “a system having at
least one of A, B, or C” would include but not be limited o systems that have A along, B
aione, C aloneg, A and B togethsr, A and C logether, B and C fogether, andior A, B, and
C together, elc.). i will be further understood by those within the art that typically a
disjunctive word and/or phrase pressenting iwo or more alternailive terms, whethar in the
description, claims, or drawings, should be understood to conlemplate the possibilities of
including one of the terms, either of the terms, or both terms unless context dictates
otherwise. For example, the phrase “A or B will be typicaily understood to include the
possibilities of "A” or "B or “A and B

[0774]  With respect {o the appended claims, those skilled in the art will appreciate
that recited operations therein may generally be performed in any order. Also, although
various operational flows are presented in a sequence(s), i should be understood that

the various operations may be performed in other orders than those which are
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Hlustrated, or may be performed concurrently. Examples of such alternate orderings
may include overlapping, interleaved, interrupted, reordered, incremental, preparatory,
supplemental, simultaneous, reverse, or pther variant orderings, unless context dictales

B

otherwise. Furthermore, terms like “responsive t0.” “related to,” or other past-tense
adjectives are generally not intended to exclude such varianis, uniess context dictates
otherwise.

[0775] In cerlain cases, use of a sysiem or method may occur in a territory even if
components are located outside the territory. For example, in a distribuied computing
context, use of a distributed computing sysiem may occur in a territory sven though
parts of the sysiem may be located outside of the territory {e.g., relay, server, processor,
signal-bearing madium, transmitting computer, receiving computer, stc. located oputsids
the ferritory).

[0776] A sale of a systemn or method may likewise occcour in a territory even if
components of the system or method are located and/or used cuiside the territory.
Further, implementation of at least part of a system for performing a method in one
ferritory does not praclude use of the system in anothsr territory.

[0777]  Although various aspecis have been described herein, many modifications,
variations, substitutions, changes, and equivalenis to those aspecis may be
implemented and will occur to those skilled in the art. Also, where materiais are
disclosed for ceriain componeants, other malerials may be used. ltis therefore {0 be
undersiood that the foregoing description and the appended claims are intended {o
cover alf such modifications and variations as falling within the scope of the disclosed
aspects. The following claims are intended to cover all such modification and variations.
[0778] In sumimary, numerous bensfils have been described which result from
employing the concepts described hersin. The foregoing description of the ons or more
aspecis has been presented for purposes of illustration and description. ltis not
intended to be exhaustive or limiting to the precise form disclosed. Modifications or
variations are possibie in light of the above teachings. The one or more aspecis were
chosen and describad in order to iHlustrats principles and practical application to thereby
enable one of ordinary skill in the art to ulilize the various aspscts and with various
madifications as are suited to the particular use contemplated. it is intended that the

claims submitted herewith define the overall scope.
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WHAT IS CLAIMED I8!

1. A method of manufacturing a flexible circuit electrode, the mathod comprising:
laminating a flexible electrically conductive sheet o a flexible electrically
insuiative sheet with an adhesive therebetwsen {o produce a flexible laminate;
forming at least one electrode on the flexible electrically conductive sheet;
forming at least ons elscirically insulative layer on a tissue contacting surface
of the least one electrode; and

separating the at least one electrode from the flexible laminate.

2. The method of Claimy 1, wherein the flexible elsclrically conductive sheet is sslected
from any one of copper, gold plated copper, silver, platinum, stainless stesl, or

aluminum, or alloys thereof.

3. The method of Claim 1, whsrain the fisxible slectricaily insulative sheet is selected
from any one of polyimids, polyester, fluorocarbon, or any polymeric material, or any

combinations thereof.

4. The method of Claim 1, wherein forming the at least one electrode on the flexible
eisctrically conductive sheet comprises etching at least one electrode on the flexible

electrically conductive shest.

5. The method of Claim 4, wherein eiching comprises:

screen printing a protective barrier on the flexible electrically conductive sheet;
and

photoeiching away any remaining material which does not make up a final

shape of the at least one elecirode.

6. The method of Claim 5, wherein the at least one slectrically insulative layer further

defines the at least one slectrode.

7. The method of Claim 1, wherein the at least one eleckrically insulalive layer defines at

lzast one electrically insulative element.
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8. The method of Claim 7, wharain the at least ons elecirically insulative elemeant is

configured as a spacer.

9. The method of Claim 1, wherein forming the at least one electrically insulative layer
comprises printing a dislectric material on the tissus contacling surface of the at least

one elactrode.

10. The method of Claim 1, wherein forming the at least one electrically insulative laver
comprises bonding a dislectric cover film on the tissue contacting surface of the at least

one electrode.

11. The method of Claim 10, further comprising forming a spacer by etching the

dielectric cover film bonded to the tissue contacting surface of the at least one electrode.

12. The msthod of Claim 1, wherein forming the at least one electrically insulative layer
comprises printing at least one diglectric nonstick element on a tissue contacting surface

of the at ieast one slectrods.

13. The method of Claim 12, wherein printing the at ieast one dielectric nonstick
element comprises prinling an annular wall on the tissue contacling surface of ths at

lzast one electrode, wherein the annular wall defines a cavity.

14. The method of Claim 1, wherein forming the at least one electrically insulative layer
comprises printing at least one dielectric nonstick element on a tissue contacting surface

of the at least one slectrods.

15. The method of Claim 1, wherein forming the at least one electrically insulative layer
on the tissue contacting surface of the at isast one glecirode comprises printing at least
one electrically insulative elemant sized and configured to define a predetermined gap

between opposing jaw members of a clamp jaw assembly.

16. The method of Claim 1, wherein forming the at least one electrically insulative layer

on the tissue contacting surface of the at isast one glecirode comprises printing at least
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one electrically insulative pattern of electrically insulative elements on the tissus

contacting surface of the at least ons elscirode.

17. The method of Claim 1, wherein separaling the at least one electrode comprises die

cutting the at least one elecirode from the flexible laminats.

18. The method of Claim 1, wherein forming the at least one electrode comprises

forming a distal electrode element on a distal end of the at least one elecirode.

18. The method of Claim 18, wherein forming the distal electrode slement comprises
forming a distal slectrode element that is electrically coupled io the at least ons

glectrods.

20. The method of Claim 18, wherein forming the distal electrode element comprises
forming a distal electrode slement that is electrically isolated from the at least one

electrode.

21. The method of Claim 1, wherein forming the at least one electrode comprises

forming at least two electrode segments elsclrically isolated from each other by a gap.

22. The method of Claim 1, whersin forming the al least one electrode comprises

forming at least two electrode segments connected by a flexure bearing.

23. The method of Claim 22, wherein forming the least two slectrode segments
connected by the flexure bearing comprisss forming the at least two elscirode segments

spaced apart laterally relative 1o the flexure bearing on the atleast one slectrode.

24. The method of Claim 22, wherein forming the least two electrode segments
connecied by a flexure bearing comprisas forming the at least two elecirode segmenis
are spaced apart longitudinally relative {o the flexurs bearing on the at least one

glectrods.

25. The method of Claim 1, wherein:
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forming at least one elscirode on the flexible slectrically conductive sheet
comprises forming a pluraklily of electrodes on the flaxible electrically conductive sheef;
and

forming at least one electrically insulative layer on a fissue contacting surface
of the least one electrode comprises forming the at isast one electrically insulative layer

on a tissue contacting surface of each of the plurality of slectrodes.

26. A flexible circuit electrode formed by a process, comprising:

laminating a flexibls electrically conductive sheet to a flexible electrically
insuiative sheet with adhesive thergbetween o produce a flexible laminats;

forming at least one slscirode on the flexible slectrically conductive shest;

forming at least one electrically insulative laver on a tissus contacting surface
of the least one electrode; and

sgparating the at least one electrode from the flexible laminate.

27. The flexible circuit elgcirode of Claim 26, wherein the flexible elsctrically conductive
sheet is selected from any one of copper, gold plated copper, silver, platinum, stainless

steel, or aluminum, or alloys thereof.

28. The flexible circuit slectrode of Claim 26, wherein the flexible slectrically insulative
sheet is selected from any one of polyimide, polyesier, fluorocarbon, or any polymeric

material, or any combinations thereof,

29. The fiexible circuit elecirode of Claim 26, wherein forming the at least one electrode
on the flexible slectrically conductive shest comprises stching at least one elsctrode on

the flexible electrically conductive sheel

30. The flsxible circuit electrode of Claim 29, wherein eiching comprises:

soreen printing a protective barrier on the flexible electrically conductive shest;
and

photoeiching away any remaining material which does not make up a final

shape of the at least one electrode.
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31. The flexible circuit electrode of Claim 30, wherein the at isast one slectrically

insulative layer further defines the at least one electrods.

32. The flexible circuit electrode of Claim 26, wherein the at least one slectrically

insuiative layer defines at least one electrically insulative element.

33. The flexible circuit electrode of Claim 32, wherein the at least one electrically

insulative element is configured as a spacer.

34. The flsxible circuit electrods of Claim 26, whersin forming the at least onsg
slscirically insulative layer comprises printing a dielectric matarial on the tissue

contacting surface of the al least one elsctrode.

35. The flexible circuit electrode of Claim 28, wherein forming the at least one
electrically insulative layer comprises bonding a dielectric cover film on the tissue

contacting surface of the at least one electrods.

36. The flexible circuil electrode of Claim 35, further comprising forming a spacer by
etching the dislectric cover film bonded to the tissue contacting surface of the at least

one slectrods.

37. The flexible circuit electrode of Claim 28, wherein forming the at least one
electrically insulative layer comprises printing at least one dielectric nonstick element on

a tissue contacting surface of the at isast one slecirode.

38. The flexible circuit electrode of Claim 37, wherein printing the al lgast one dielectric
nonstick element comprises printing an annular wall on the tissue contacting surface of

the at least one elecirode, wherein the annular wall defines a cavity.
39. The flaxible circuit electrode of Claim 26, wherein forming the at least one

electrically insulative layer comprises printing at least one diglectric nonstick element on

a tissue contacting surface of the at least one elecirode.
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40. The flexible circuit elecirode of Claim 26, wherein forming the at least one
electrically insulative layer on the tissue contaciing surface of the at least one slectrode
comprises printing at least one electrically insulative element sized and configured to

define a predetermined gap between opposing jaw members of a clamp jaw assembly.

41, The flexible circuit elecirode of Claim 26, wherein forming the at least one
electrically insulative laver on the tissue contacling surface of the at least one electrode
comprises printing at least one electrically insulative pattern of electrically insulative

elements on the lissue contacting surfacs of the at least one electrode.

42. The flexible circuit electrode of Claim 28, wherein separating the at least ons

electrode comprises die culting the at least one electrode from the flexible laminate.

43. The fiexible circuit electrode of Claim 26, wherein forming the at least one electrode
comprises forming a distal elecirode slemeant on a disial end of the at Isast cne

electrode.

44, The flexible circuit electrode of Claim 43, wherein forming the distal elecirode
slement comprises forming a distal electrode element that is electrically coupled {0 the at

least one electrode.

45. The flexible circuit electrode of Claim 43, wherein forming the distal electrode
element comprises forming a distal eiscirode element that is slectrically isolated from the

at least one slectrode.

46. The flexible circuit electrode of Claim 26, wherein forming the at least one electrods

comprises forming at least two electrode segments electrically isclated from each other

by & gap.

47. The flexible circuit electrode of Claim 26, wherein forming the at least one electrode

comprises forming at least two electrode segments connecled by a flexure bearing.
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48. The flexible circuit elgcirode of Claim 47, wherein forming the least two electrods
sagments connected by the flexure bearing comprises forming the ai lsast two electrods
segments spaced apart laterally relative to the flexure bearing on the at leasti ons

glectrode.

49, The flexible circuit elgcirode of Claim 47, wherein forming the least two electrods
segments connected by a flexure bearing comprises forming the at least two electrode
segments are spaced apart fongitudinally relative to the flexure bearing on the at least

one electrode.

50. The flexdble circuit electrode of Claim 26, wherein:

forming at least one electrode on the flexible elecirically conductive sheet
comprises forming a plurality of elecirodes on the flexible electrically conductive sheet;
and

forming at least one slectrically insulative laver on a tissus contacting surface
of the least one electrode comprises forming the at least one electrically insulative layer

on & tissue contacting surface of each of the plurality of elecirodes.

51. A method of manufacturing a flexible circuit electrode assembly, the method
COMEpIsSIng:

vacuum forming a flexible circuit;

trimming the vacuum formed flexible circuit; and

attaching the trimmed vacuum formed flexible circuit o a jaw member of a

clamp jaw assembly.

52. The method of Claim 51, further comprising:
placing the vacuum formed flexible circuit in 2 molding tool; and

molding a substrate o support a profile of the vacuum formed flexible circuil.
53. The masthod of Claim 52, wherein altaching the trimmed vacuum formed flexible

circuit to the jaw member of the clamp jaw assembly comprises molding the trimmed

vacuum formed flexible circuit over the jaw member.
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54 The method of Claim 51, wherein attaching ths trimmed vacuum formed flaxible
circuit to the jaw member of the clamp jaw assembly comprisss adhering the rimmed

vacuum formed flexible circuit {o the jaw member with adhesive.
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