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(57) ABSTRACT 

A ?ber optic switching system Which includes an optical 
sWitch having a movable actuator and a light ?ber coupled 
to the actuator Which terminates at an end target surface 
thereof for conducting excitation light from a light source to 
the optical sWitch mechanism. A ?exible ?lm or other 
surface Whose response is conditioned to provide at least 
tWo different ?uorescent surfaces is positioned such that an 
end surface of the actuator abuts or is placed in close 
proximity to the ?lm throughout its movement from one 
position to another. A detector detects light emitted from the 
?lm. The actuator is movable so as to direct excitation light 
from the light ?ber from the one ?uorescent surface of the 
?lm to another and the detector detects light emitted from 
the ?lm so as to determine Which ?uorescent surface of the 
?lm from Which light has been emitted. 
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Principles of ?uorescence 

Electron 
and 
Photon 
Energies 

Illustration of ?uorescence: An incident t photon is absorbed and transfers its energy to an electron (1), 
the electron loses some of its energy in non-radiative processes,(2), and then the electron makes a 
transition to the ground state, process (3), emitting a photon with energy of a longer wavelength of light 

Figure 10 
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Fluorescence Excitation and Emission Peaks 
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APPARATUS AND METHODS RELATING TO 
FLUORESCENT OPTICAL SWITCHES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority from US. 
provisional patent application No. 60/188,653, ?led Mar. 10, 
2000. 

BACKGROUND 

[0002] The development of optical sWitches, including 
?ber optic sWitches, has been a result of a need to avoid 
electrical poWer in certain control lines because electrical 
sWitches in such situations can, for example, cause explo 
sions in an explosive atmosphere and shocks if in the 
presence of liquid. Many optical sWitches are knoWn in the 
art. See, e.g., US. Pat. No. 3,999,074; US. Pat. No. 4,045, 
667; US. Pat. No. 4,315,147; US. Pat. No. 4,904,044; US. 
Pat. No. 4,704,656; US. Pat. No. 5,892,862; US. Pat. No. 
5,046,806. 
[0003] For some optical sWitches, for example those con 
taining a mirror actuator, the coupling efficiency of the 
re?ected light and, therefore, the effectiveness of the signal 
detection is sensitive to alignment problems. The mirror 
actuator mechanism typically locates the mirror surface 
parallel to and in very close proximity to the ?ber face in 
order to maintain good efficiency. In systems in Which there 
is a gap betWeen an end of the ?ber and the mirror, the 
surfaces of the ?ber and mirror may be prone to contami 
nation, Which can lead to each of back scattering and 
contamination, Which in turn can lead to loss of light and 
hence reduced ef?ciency. Back scattering at any of the other 
optical interfaces can create additional noise in the optical 
signal and require additional signal processing or detector 
compensation to accurately detect the state of the sWitch. 

[0004] One Way of reducing the effect of back-scattered 
light on detector performance is to use ?uorescence, such as 
atomic or molecular ?uorescence, to create an optical 
sWitch. The property of ?uorescence is Well knoWn in the 
art. Generally, an electron of an elemental or molecular 
target absorbs incident electromagnetic energy, typically 
light photons (FIG. 10), Which transfers the energy of the 
photon to the electron. This raises the electron one or more 
energy level. This higher energy level is usually unstable. As 
the electron returns to the ground state it emits a neW photon 
that has less energy than the original photon, Which means 
that it has a longer Wavelength of light than the photon 
absorbed. For example, a blue high energy photon can cause 
a red ?uorescent photon. This change in energy levels 
betWeen the original photon, Which can be called illumina 
tion or excitation light, and the emitted photon is a charac 
teristic property of a given compound and is knoWn as the 
Stoke’s shift (FIG. 11). As used herein, the term ?uores 
cence also refers to tWo-photon and multi-photon excitation, 
quantum dots, Which are about nanometer siZed crystals 
made from materials such as cadmium selenide that When 
excited by higher energy light Will emit light of loWer 
energy. The Wavelength emitted is determined by the siZe of 
the nanocrystal. A larger crystal produces longer Wavelength 
light and a shorter crystal produces shorter Wavelength light. 
These materials are commercially available from Quantum 
Dot Corporation of HayWard, Calif. These materials are 
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knoWn in the art, and other methods of accepting light of one 
Wavelength or Wavelength band and emitting light at a 
detectably different Wavelength or Wavelength band are also 
included herein. 

[0005] There has been a need for multi-state optical 
sWitches that can provide multiple Wavelength or color 
based return signals from a single Wavelength or Wavelength 
band impulse signal, as Well as for other functions provided 
by characteristics of ?uorescence, either ?uorescence alone 
or in combination With re?ectance. The present invention 
provides these and other related advantages. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides methods and appa 
ratus that comprise optical sWitches that take advantage of 
?uorescence to enhance sensitivity, ’speed or effectiveness. 
In some embodiments, the present invention provides a 
target area comprising at least one target surface comprising 
a ?uorophore-containing target material, Wherein the target 
surface comprises at least a ?rst target area that provides a 
?rst ?uorescent response When illuminated by excitation 
light and a second target area that provides a second light 
response When illuminated; the second response can be 
either re?ectance light or ?uorescent light, or other desired 
light response. The excitation light can be optically guided 
to the target via an optical ?ber or other optical light guide. 
The sWitch can detect the resulting ?uorescent light emitted 
from the target, for example by collecting the light into an 
optical ?ber or other optical light guide and optically guid 
ing it to the detector. The detector, Which in this embodiment 
can include an operably connected computer, spectrometer, 
spectrograph or other optical analyZer, measures at least one 
of the relative intensity or Wavelength of the response from 
the target, such as the induced ?uorescence emission of the 
?rst target area, then determines the presence or type of the 
?uorescence. 

[0007] The excitation light can be UV light, blue light, 
green light or other energy able to induce ?uorescence in the 
target ?uorophore; typically, such excitation light Will be 
referred to herein as blue light. 

[0008] In one embodiment, actuating the sWitch causes an 
optical ?ber or other light guide to move relative to the target 
areas or the targets to move relative to the optical ?ber. (The 
present invention comprises multiple aspects, features and 
embodiments; such multiple aspects, features and embodi 
ments can be combined and permuted in any desired manner 
unless otherWise clear from the context.) This introduces 
different target areas, at least one of Which is ?uorescent, 
into the optical path. By detecting the difference(s) betWeen 
the target areas, the apparatus and methods determine the 
state of the sWitch. The apparatus can then report the result 
or initiate an action that the sWitch controls. 

[0009] In one embodiment the present invention provides 
sWitches that provide an excitation energy, transmit the 
excitation energy to the target, collect the emanated response 
light from the target, and transmit the emanated response 
light through an optical detector system, Which can be in a 
controller, that detects the ratio of the intensities or other 
difference of one or more Wavelengths or Wavelength bands 
of the emitted response. The present invention can be used 
in any device for Which an optical sWitch may be advanta 
geous, including for example cars, airplanes, motorcycles, 
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boats, other vehicles, medical equipment such as surgical 
pencils and controllers, electronic devices such as comput 
ers, telephones, and e-commerce related devices, manufac 
turing apparatus such as devices in production lines, lathes 
and molds, and household appliances. 

[0010] Another embodiment of the invention provides a 
?ber optic, or other light guide, sWitching system Which 
includes an optical sWitch mechanism having a movable 
actuator and a light guide such as an optical ?ber or liquid 
light guide coupled at an end of the light guide to the 
actuator Wherein the light guide conducts light from a light 
source to the end of the light guide at the optical sWitch 
mechanism. One or both of the actuator and the target is 
movable relative to each other so as to direct the light 
emitted by the light guide from one target area to another, 
such as one ?uorescence to another. In one embodiment, the 
differing ?uorescent properties in the sWitch are provided by 
a ?lm, further preferably a ?exible ?lm, Whose surface is 
conditioned to provide at least tWo different ?uorescent 
surfaces. The ?lm or other target can be positioned such that 
an end surface of the actuator or light guide abuts the ?lm 
throughout its movement from one position to another. A 
detector detects light emitted from the ?lm or other target 
material and returned by a light guide, Which may or may not 
be the same light guide as the illumination light guide. The 
detector determines from Which target area, such as from 
Which ?uorescent material, the return light Was emitted. 

[0011] Alternatively, or additionally, the sWitch can con 
tain one or more mirrors, lenses, beam splitters or other 
beam control devices that can direct the excitation and 
emission light from one target area to another, again such as 
from one ?uorescent material to another, or direct the 
collection of the emission light such as the ?uorescent light. 

[0012] The ?lm may have a ?uorescent target area and a 
non-?uorescent target area. Alternatively, the ?lm may have 
multiple ?uorescent surfaces (and, if desired, one or more 
non-?uorescent surfaces) Which emit ?uorescence at detect 
ably different Wavelength regions or intensities. Another 
possibility comprises target areas comprising graduated 
strength or color, or both, of emission for use as continu 
ously variable controllers. Such graduated areas can be 
continuous or comprise a plurality of detectably different 
steps, for example 5, 15, 25 or more. The detector may have 
at least one corresponding ?lter assisting the detection of the 
multiple sWitch states, or the information from the detector 
may be processed either in a detector or doWnstream and 
therefrom the characteristics of the response light can be 
determined. 

[0013] In another embodiment, Where the target surface 
comprises at least three different response areas, the sWitch 
provides at least three detection states. By Wrapping the 
target surface around a drum or other rotating device such as 
a disc, Wheel or a belt, or other device able to sequentially 
pass the target surface past a detector or the detector past the 
target surface, the sWitch can become a directional counter. 
For example, if the surface comprises red, yelloW and green 
emitting ?uorophores (or red and green and non-?uores 
cent), then the direction of the sWitch can be determined by 
Whether the colors are being detected as: red-yelloW-green, 
or green-yelloW-red. The total number of passages of the 
colors can give a discernible number, Which number can be 
increased or decreased as the colors are read. Preferably, the 
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directional counter is operably connected to a electronic 
system, typically digital or analog, that counts the iterations. 

[0014] An advantage of the ?exible ?lm abutting the end 
of the actuator or ?ber, or other arrangement Wherein the 
illumination provider abuts the target surface, is the loWered 
likelihood of misalignment. Because the ?exible ?lm con 
forms to the face of the ?ber or actuator, it maintains the 
parallelism betWeen ?lm and ?ber surfaces desirable to 
enhance high coupling ef?ciency. And, arranging the end of 
the ?ber to abut the ?exible ?lm throughout its range of 
movement reduces the likelihood of contamination of the 
area betWeen the ?ber and ?lm With ?uids or air-borne 
particulate. 

[0015] The light guide may be, for example, a single 
optical ?ber, a liquid light guide or a group of ?bers 
providing a single optical path to and from the sWitching 
actuator. 

[0016] A directional coupler may be coupled to the light 
guide, for example to direct light returning from the optical 
sWitch mechanism to the detector. The detector may include 
a photo detector positioned to detect light emitted from, or 
otherWise emanating from, the ?lm. 

[0017] In a further embodiment, for example Where the 
sWitch is used in a surgical pencil or other device that 
comprises a light source maintained outside the device, the 
sWitch may comprise an excitation light source, a coupler 
optical assembly to direct the excitation light into the device 
and collect the ?uorescent emission from the device, a 
separator that separates the light emanating from the tar 
get(s) into particular Wavelength regions to be detected (this 
separator can be used With other embodiments as Well), and 
one or more detectors to detect these Wavelengths. The 
sWitch can also further comprise a light source maintained 
Within the device containing the sWitch, or Within the 
con?nes of the sWitch itself. 

[0018] In one embodiment the coupler optical assembly 
comprises a lens to collimate light from the excitation 
source. The light from the light source can be passed through 
a dichroic mirror oriented at an angle, for example 45 
degrees, to the optical axis of light, Which can be a colli 
mated beam, and that passes the shorter Wavelength light 
excitation light of the excitation source. The light passing 
through the dichroic mirror is then directed to the target, then 
back to the mirror Where it is re?ected to the detector. 
Alternatively, the dichroic mirror can pass the emanating 
light and re?ect the illumination light, in Which case the 
optical pathWay Will be appropriately altered to ?t such 
arrangement. 

[0019] In a further embodiment, for example Where the 
sWitch is used in a surgical pencil or other device that 
comprises a light source maintained outside the device, the 
sWitch may comprise an excitation light source, an optical 
assembly to direct the excitation light into a connector that 
alloWs light to be introduced into the device and collect the 
?uorescent emission, a separator to separate the light emit 
ted from the ?uorescent target into particular Wavelength 
regions to be detected and one or more detectors to detect 
these Wavelengths. 

[0020] In another embodiment of the invention the optical 
assembly Within the coupler may comprise an arrangement 
of ?bers or other light guides that conducts light from the 
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illumination source to the target and collects light from the 
target and directs it to tWo or more optically ?ltered photo 
detectors. 

[0021] It is possible to avoid the need for a directional 
coupler betWeen the light source and the detectors by using 
a plurality of light ?bers in, for example in a bundle, With 
only some coupled to the light source and others coupled to 
the detector(s). A gap can be generally provided betWeen the 
mirror surface and the ?bers, so that some off-axis rays can 
couple from one ?ber to the other. Where the illumination 
?bers and the detection ?bers can also contact the target 
surface, for example Where the ?uorescent light is detected 
after a delay, or Where the illumination and detection light 
guides are disposed on opposite sides of the target material 
or surface and detect transmissive light or other non-re?ec 
tance light. 

[0022] A dual ?ber system can avoid the problems asso 
ciated With gap contamination and other problems that 
attenuate the light by providing a transparent layer of 
selected thickness in front of the ?uorescent surface. The 
?exible ?lm may be transparent and of a selected thickness 
With a mirror coating on the back so that the ?lm itself 
provides the requisite spacing Without permitting the entry 
of contamination. 

[0023] In a preferred embodiment the present invention 
provides controllers and surgical pencil assemblies, the 
surgical pencil assembly comprising: a handpiece, hand 
actuated sWitch, cable and connector incorporating an opti 
cal path including a proximal end and a distal end, the 
handpiece being con?gured to position the distal end of the 
optical path to the ?uorescent target; a light emitter WindoW 
proximate to the distal end to direct an illumination light to 
the ?uorescent target and collect the emitted light from the 
target; a controller assembly coupled to the connector of the 
surgical pencil assembly at the proximal end comprising an 
optical or ?ber optic light guide to receive emanating light 
conducted to the proximal end of the surgical pencil assem 
bly from the ?uorescent target by the surgical pencil assem 
bly light guide and an optical system to conduct the ema 
nating light along at least a portion of a light path to the 
detector assembly; a Wavelength selection ?lter aligned With 
the collection light guide to be disposed in the light path, and 
the Wavelength selection ?lter assembly selectively trans 
mitting one or more desired Wavelength bands of the ema 
nating light. 
[0024] In preferred embodiments that relate to this and 
other aspects of the present invention (Which is so for other 
preferred embodiments unless a given aspect of the inven 
tion indicates that such embodiment does not apply to that 
aspect), the collection light guide transmits the emanating 
light to the controller, Which controller can include a detec 
tor as described herein. 

[0025] In further preferred embodiments, the controller 
further comprises a band pass ?lter maintained Within the 
excitation light optical path, for example at the proximal or 
distal end of the excitation light optical path, and disposed 
betWeen the excitation light emitter and the excitation light 
optical path, Wherein the band pass ?lter transmits a selected 
Wavelength band of light. The selected Wavelength band can 
be a suitable Wavelength of light able to induce ?uorescence 
in the surgical pencil assembly ?uorescent target. 
[0026] In still further preferred embodiments, the illumi 
nation light transmitted to the target consists essentially of a 
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selected Wavelength band and the light collection system 
further comprises a long pass ?lter disposed in the light path, 
Wherein the long pass ?lter blocks light having about the 
same Wavelength as the selected Wavelength band of illu 
mination light and transmits other light. For example, the 
long pass ?lter can be disposed at the distal end of the light 
collection system and can block blue light if desired. 

[0027] The Wavelength selection ?lter assembly can be 
maintained upstream in the light path from the long pass 
?lter or the long pass ?lter can be maintained upstream in the 
light path from the Wavelength selection ?lter assembly, and 
the long pass ?lter can be maintained upstream from the 
collection light guide. 

[0028] In other aspects the present invention provides 
surgical pencil assemblies, the surgical pencil assembly 
comprising: a body including a proximal end and a distal 
end, the body being con?gured to position the distal end of 
the optical path proximate to the ?uorescent target, means 
for emitting an illumination light from a location of the body 
at least proximate to the distal end; means for collecting and 
conducting an emanating light from the ?uorescent target 
along a light path to a controller assembly coupled to the 
connector of the surgical pencil assembly at the proximal 
end, the controller comprising an optical or ?ber optic light 
guide to receive emanating light conducted to the proximal 
end of the surgical pencil assembly from the ?uorescent 
target by the surgical pencil assembly light guide and an 
optical system to conduct the emanating light along at least 
a portion of a light path to the detector assembly; a Wave 
length selection ?lter aligned With the collection light guide 
to be disposed in the light path, the Wavelength selection 
?lter assembly selectively transmitting one or more desired 
Wavelength bands of the emanating light. 

[0029] In certain preferred embodiments, the target is 
illuminated by conducting the illumination light from a light 
source maintained at the proximal end of the surgical pencil 
assembly to a light emitter maintained at the distal end of the 
surgical pencil assembly sWitch via an illumination light 
guide and then emitting the illumination light to the ?uo 
rescent target. 

[0030] In further preferred embodiments, the illumination 
light is transmitted through a band pass ?lter maintained at 
the distal or proximal end of the surgical pencil assembly, 
Wherein the band pass ?lter transmits a selected Wavelength 
band of light and blocks other light. The selected Wavelength 
band can be light able to induce ?uorescence in the ?uo 
rescent target. 

[0031] In other preferred embodiments, the illumination 
light emitted from the light emitter consists essentially of a 
selected Wavelength band and the light collection system 
further comprises a long pass ?lter disposed in the light path, 
Wherein the long pass ?lter blocks light having about the 
same Wavelength as the selected Wavelength band and 
transmits other light. 

[0032] In some preferred embodiments, the illumination 
light is conducted from a light source maintained at the 
proximal end of the surgical pencil assembly and the con 
troller assembly to the light emitter at the distal end of the 
surgical pencil assembly via the illumination light guide, and 
Wherein a band pass ?lter that transmits substantially only a 
desired Wavelength region of excitation light is disposed at 
the distal end of the illumination light guide. 
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[0033] In other preferred embodiments, the controller 
assembly comprises a ?xed lens that is matched to the 
numerical aperture of the light guide of the surgical pencil 
assembly. This lens collects collimated light from the illu 
mination path and focuses and transmits it into the optical 
light guide at the proximal end of the surgical pencil 
assembly. It can also collect and collimate light emitted from 
the proximal end of the surgical pencil assembly light guide 
and delivers it into the optical path of the controller detector 
assembly. The emitted light being transmitted along the light 
path passes through optical transmissive and re?ective ?lters 
that select and dispose the light toWard the detectors. 

[0034] In further aspects of the invention light from the 
excitation source can be coupled into a lens that collects and 
collimates the excitation light and delivers it into the optical 
?lter assembly and then to the lens Which couples the 
excitation light into the light guide of the surgical handpiece. 

[0035] In other embodiments, relating to both surgical 
pencils and other sWitches as described herein, the optical 
sWitch can comprise a light source disposed at or near the 
target, such as a light emitting diode. The light from the 
diode then strikes the target surface, Where it causes the 
desired response in the target material, such as ?uorescence, 
and is then collected and analyZed as described elseWhere 
herein. 

[0036] In still more aspects the present invention provides 
?lter assemblies for a surgical pencil assembly to transmit 
the emission from the ?uorescent target to a controller/ 
detector, comprising: a casing including a distal end With a 
?rst opening to receive a proximal section of the surgical 
pencil assembly, and a transmission passage extending 
betWeen the opening and the detector or detectors, the 
transmission passage being con?gured to transmit light 
along a light path from the distal end to the proximal end of 
the casing; a rotatable housing attached to the casing, the 
rotatable housing including a knob con?gured to be gripped 
by a user and a ?lter holder positioned in the casing, the ?lter 
holder having a plurality of WindoWs; and, at least one ?lter 
received in one of the WindoWs, the housing rotating Within 
the casing to position the at least one ?lter in alignment With 
the light path for selectively con?guring the controller for 
different devices or desired purposes. 

[0037] In other preferred embodiments, the ?lter assembly 
further comprises a ?xed lens that is matched to the numeri 
cal aperture of the light guide of the surgical pencil assem 
bly. This lens collects and collimates light from the proximal 
end of the surgical pencil. 

[0038] In a preferred embodiment, the sWitches can be 
used in an array. For example, a plurality of sWitches can be 
coupled to an array detector, or an array of detectors. 

[0039] These and other aspects, features and embodiments 
are set forth Within this application, including the folloWing 
Detailed Description and attached draWings. In addition, 
various references are set forth herein, including in the 
Cross-Reference To Related Applications, that describe in 
more detail certain compositions, apparatus, methods and 
other information (e.g., spatial light modulators, etc.); all 
such references are incorporated herein by reference in their 
entirety and for all their teachings and disclosures, regard 
less of Where the references may appear in this application. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a side elevation vieW in section of an 
electrosurgical pencil With the halves of the casing slightly 
separated; 

[0041] FIG. 2 is a side elevation vieW of the device of 
FIG. 1 With the tWo halves of the casing separated and the 
sWitching actuator detached; 

[0042] FIG. 3 is a plan vieW of the device of FIGS. 1 and 
2 With the sWitching actuator removed from vieW; 

[0043] FIG. 4 is a partial sectional vieW in side elevation 
of the device of FIGS. 1 to 3 shoWing the sWitching actuator 
and the ?uorescent target assembly; 

[0044] FIG. 5 is a partial sectional vieW in side elevation 
of the ?exible ?lter, the end of the sWitching actuator, 
shoWing the ?ber tip aligned to the central section of the 
?uorescent target ?lm; 

[0045] FIG. 6 is a partial sectional vieW of a portion of an 
embodiment of the ?exible ?lm as in FIG. 5 but shoWing the 
structure in more detail including three ?uorescent sections, 
an intermediate transparent section and a transparent pro 
tective coating; 

[0046] FIG. 7 is a schematic diagram of a single ?ber 
sWitching system in Which the ?lm has a central ?uorescent 
area and tWo adjacent different ?uorescent Wavelength 
areas; 

[0047] FIG. 8 is a partial sectional vieW in side elevation 
of the end of the sWitching actuator, shoWing the ?ber tip 
aligned to the upper section of the ?lm, having tWo different 
?uorescent surfaces; 

[0048] FIG. 9 is a schematic vieW of system utiliZing a 
send ?ber and a receive ?ber; and 

[0049] FIG. 10 is a schematic vieW of the energy transfer 
process at the atomic level that occurs during ?uorescence. 

[0050] FIG. 11 is a graph that represents a typical example 
of the Stokes Shift in emission Wavelength characteristic of 
?uorescence 

[0051] FIG. 12 depicts a top plan vieW in schematic form 
of a disk comprising a plurality of different light response 
target areas. 

[0052] FIG. 13 depicts, in three dimensional form, a side 
elevational vieW of the disk of claim 12. 

[0053] FIG. 14 presents a top plan vieW, in schematic 
form, of a drum comprising of plurality of different light 
response areas connected to a thumb Wheel. 

[0054] FIG. 15 depicts a side elevational vieW of the drum 
and thumb Wheel assembly of FIG. 14. 

[0055] FIG. 16 depicts side elevational vieW of an optical 
plug suitable for use With an optical sWitch. 

[0056] 
FIG. 16. 

FIG. 17 depicts a side plan vieW of the plug of 

[0057] FIG. 18 depicts a schematic side elevational vieW, 
in three dimensional format, of an optical plug as depicted 
in FIGS. 16 and 17 further comprising a plurality of light 
guides. 














