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(57) ABSTRACT 

An electromagnetically induced cutting mechanism Which 
can provide accurate cutting operations on both hard and 
soft materials is disclosed. The electromagnetically induced 
cutter is capable of providing extremely ?ne and smooth 
incisions, irrespective of the cutting surface. Additionally, a 
user programmable combination of atomized particles 
alloWs for user control of various cutting parameters. The 
various cutting parameters may also be controlled by chang 
ing spray noZZles and electromagnetic energy source param 
eters. Applications for the cutting mechanism include medi 
cal, dental, industrial (etching, engraving, cutting and 
cleaning) and any other environments Where an objective is 
to precisely remove surface materials Without inducing 
thermal damage, uncontrolled cutting parameters, and/or 
rough surfaces inappropriate for ideal bonding. The cutting 
mechanism further does not require any ?lms of Water or any 
particularly porous surfaces to obtain very accurate and 
controllable cutting. 
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METHODS OF USING ATOMIZED PARTICLES 
FOR ELECTROMAGNETICALLY INDUCED 

CUTTING 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to a device 
for cutting both hard and soft materials and, more particu 
larly, to a device for combining electromagnetic and hydro 
energies for cutting and removing both hard and soft tissues. 

[0002] Turning to FIG. 1, a prior art optical cutter for 
dental use is disclosed. According to this prior art apparatus, 
a ?ber guide tube 5, a Water line 7, an air line 9, and an air 
knife line 11 (Which supplies pressuriZed air) are fed into the 
hand-held apparatus 13. A cap 15 ?ts onto the hand-held 
apparatus 13 and is secured via threads 17. The ?ber guide 
tube 5 abuts Within a cylindrical metal piece 19. Another 
cylindrical metal piece 21 is a part of the cap 15. 

[0003] When the cap 15 is threaded onto the hand-held 
device 13, the tWo cylindrical metal tubes 19 and 21 are 
moved into very close proximity of one another. A gap of air, 
hoWever, remains betWeen these tWo cylindrical metal tubes 
19 and 21. Thus, the laser Within the ?ber guide tube 5 must 
jump this air gap before it can travel and exit through 
another ?ber guide tube 23. Heat is dissipated as the laser 
jumps this air gap. 

[0004] The pressuriZed air from the air knife line 11 
surrounds and cools the laser as the laser bridges the gap 
betWeen the tWo metal cylindrical objects 19 and 21. Thus, 
a ?rst problem in this prior art apparatus is that the interface 
betWeen the tWo metal cylindrical objects 19 and 21 has a 
dissipation of heat Which must be cooled by pressuriZed air 
from the air knife line 11. (Air from the air knife line 11 
?oWs out of the tWo exhausts 25 and 27 after cooling the 
interface betWeen elements 19 and 21.) This inef?cient 
interface betWeen elements 19 and 21 results from the 
removability of the cap 15, since a perfect interface betWeen 
elements 19 and 21 is not achieved. 

[0005] The laser energy exits from the ?ber guide tube 23 
and is applied to a target surface Within the patient’s mouth, 
according to a predetermined surgical plan. Water from the 
Water line 7 and pressuriZed air from the air line 9 are forced 
into the mixing chamber 29. The air and Water mixture is 
very turbulent in the mixing chamber 29, and exits this 
chamber through a mesh screen With small holes 31. The air 
and Water mixture travels along the outside of the ?ber guide 
tube 23, and then leaves the tube and contacts the area of 
surgery. This air and Water spray coming from the tip of the 
?ber guide tube 23 helps to cool the target surface being cut 
and to remove cut materials by the laser. The need for 
cooling the patient surgical area being cut is another problem 
With the prior art. 

[0006] In addition to prior art systems Which utiliZe laser 
light from a ?ber guide tube 23, for example, to cut tissue 
and use Water to cool this cut tissue, other prior art systems 
have been proposed. US. Pat. No. 5,199,870 to Steiner et 
al., Which issued on Apr. 6, 1993, discloses an optical cutting 
system Which utiliZes the expansion of Water to destroy and 
remove tooth material. This prior art approach requires a 
?lm of liquid having a thickness of betWeen 10 and 200 mm. 
Another prior art system is disclosed in US. Pat. No. 
5,267,856 to Wolbarsht et al., Which issued on Dec. 7, 1993. 
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This cutting apparatus is similar to the Steiner et al. patent, 
since it relies on the absorption of laser radiation into Water 
to thereby achieve cutting. 

[0007] Similarly to the Steiner et al. patent, th Wolbarsht 
et al. patent requires Water to be deposited onto the tooth 
before laser light is irradiated thereon. Speci?cally, the 
Wolbarsht et al. patent requires Water to be inserted into 
pores of the material to be cut. Since many materials, such 
as tooth enamel, are not very porous, and since a high level 
of difficulty is associated With inserting Water into the 
“pores” of many materials, this cutting method is someWhat 
less than optimal. Even the Steiner et al. patent has met With 
limited success, since the precision and accuracy of the cut 
is highly dependent upon the precision and accuracy of the 
Water ?lm on the material to be cut. In many cases, a 
controllable Water ?lm cannot be consistently maintained on 
the surface to be cut. For example, When the targeted tissue 
to be cut resides on the upper pallet, a controllable Water ?lm 
cannot be maintained. 

[0008] The above-mentioned prior art systems have all 
sought in vain to obtain “cleanness” of cutting. In several 
dental applications, for example, a need to excise small 
amounts of soft tissues and/or hard tissues With a great 
degree of precision has existed. These soft tissues may 
include gingiva, frenum, and lesions and, additionally, the 
hard tissues may include dentin, enamel, bone, and cartilage. 
The term “cleanness” of cutting refers to extremely ?ne, 
smooth incisions Which provide ideal bonding surfaces for 
various biomaterials. Such biomaterials include cements, 
glass ionomers and other composites used in dentistry or 
other sciences to ?ll holes in structures such as teeth or bone 
Where tooth decay or some other defect has been removed. 
Even When an extremely ?ne incision has been achieved, the 
incision is often covered With a rough surface instead of the 
desired smooth surface required for ideal bonding. 

[0009] One speci?c dental application, for example, Which 
requires smooth and accurate cutting through both hard and 
soft tissues is implantology. According to the dental spe 
cialty of implantology, a dental implant can be installed in 
a person’s mouth When that person has lost his or her teeth. 
The conventional implant installation technique is to cut 
through the soft tissue above the bone Where the tooth is 
missing, and then to drill a hole into the bone. The hole in 
the bone is then threaded With a loW-speed motoriZed tap, 
and a titanium implant is then screWed into the person’s jaW. 
A synthetic tooth, for example, can be easily attached to the 
portion of the implant residing above the gum surface. One 
problem associated With the conventional technique occurs 
When the clinician drills into the patient’s jaW to prepare the 
site for the implant. This drilling procedure generates a great 
deal of heat, corresponding to friction from the drilling 
instrument. If the bone is heated too much, it Will die. 
Additionally, since the drilling instrument is not very pre 
cise, severe trauma to the jaW occurs after the drilling 
operation. The drilling operation creates large mechanical 
internal stress on the bone structure. 

SUMMARY OF THE INVENTION 

[0010] The present invention discloses an electromagneti 
cally induced cutting mechanism, Which can provide accu 
rate cutting operations on hard and soft tissues, and other 
materials, as Well. The electromagnetically induced cutter is 
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capable of providing extremely ?ne and smooth incisions, 
irrespective of the cutting surface. Additionally, a user 
programmable combination of atomiZed particles alloWs for 
user control of various cutting parameters. The various 
cutting parameters may also be controlled by changing spray 
noZZles and electromagnetic energy source parameters. 
Applications for the present invention include medical, 
dental, industrial (etching, engraving, cutting and cleaning) 
and any other environments Where an objective is to pre 
cisely remove surface materials Without inducing thermal 
damage, uncontrolled cutting parameters, and/or rough sur 
faces inappropriate for ideal bonding. The present invention 
further does not require any ?lms of Water or any particu 
larly porous surfaces to obtain very accurate and control 
lable cutting. 

[0011] Drills, saWs and osteotomes are standard mechani 
cal instruments used in a variety of dental and medical 
applications. The limitations associated With these instru 
ments include: temperature induced necrosis (bone death), 
aerosoliZed solid-particle release, limited access, lack of 
precision in cutting depth and large mechanical stress cre 
ated on the tissue structure. The electromagnetically induced 
mechanical cutter of the present invention is uniquely suited 
for these dental and medical applications, such as, for 
example, implantology. In an implantology procedure the 
electromagnetically induced mechanical cutter is capable of 
accurately and e?iciently cutting through both oral soft 
tissues overlaying the bone and also through portions of the 
jaWbone itself. The electromagnetically induced mechanical 
cutter of the present invention does not induce thermal 
damage and does not create high internal structural stress on 
the patient’s jaW, for example. After the patient’s jaW is 
prepared With the electromagnetically induced mechanical 
cutter, traditional methods can be employed for threading 
the hole in the patient’sjaW and inserting the dental implant. 
Similar techniques can be used for preparing hard tissue 
structures for insertion of other types of medical implants, 
such as pins, screWs, Wires, etc. 

[0012] The electromagnetically induced mechanical cutter 
of the present invention includes an electromagnetic energy 
source, Which focuses electromagnetic energy into a volume 
of air adjacent to a target surface. The target surface may be 
a tooth, for example. A user input device speci?es Whether 
either a high resolution or a loW resolution cut is needed, and 
further speci?es Whether a deep penetration cut or a shalloW 
penetration cut is needed. An atomiZer generates a combi 
nation of atomiZed ?uid particles, according to information 
from the user input device. The atomiZer places the combi 
nation of atomiZed ?uid particles into the volume of air 
adjacent to the target surface. The electromagnetic energy, 
Which is focused into the volume of air adjacent to the target 
surface, is selected to have a Wavelength suitable for the 
?uid particles. In particular, the Wavelength of the electro 
magnetic energy should be substantially absorbed by the 
atomiZed ?uid particles in the volume of air adjacent to the 
target surface to thereby explode the atomiZed ?uid par 
ticles. Explosion of the atomiZed ?uid particles imparts 
mechanical cutting forces onto the target surface. 

[0013] The user input device may incorporate only a 
single dial for controlling the cutting e?iciency, or may 
include a number of dials for controlling the ?uid particle 
siZe, ?uid particle velocity, spray cone angle, average laser 
poWer, laser repetition rate, ?beroptic diameter, etc. Accord 
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ing to one feature of the present invention, the atomiZer 
generates relatively small ?uid particles When the user input 
speci?es a high resolution cut, and generates relatively large 
?uid particles When the user input speci?es a loW resolution 
cut. The atomiZer generates a relatively loW density distri 
bution of ?uid particles When the user input speci?es a deep 
penetration cut, and generates a relatively high density 
distribution of ?uid particles When the user input speci?es a 
shalloW penetration cut. A relatively small ?uid particle may 
have a diameter less than the Wavelength of the electromag 
netic energy and, similarly, a relatively large ?uid particle 
may have a diameter Which is greater than the Wavelength of 
the electromagnetic energy. 

[0014] The electromagnetic energy source preferably is an 
erbium, chromium, yttrium, scandium, gallium garnet (Er, 
CrzYSGG) solid state laser, Which generates electromag 
netic energy having a Wavelength in a range of 2.70 to 2.80 
microns. According to other embodiments of the present 
invention, the electromagnetic energy source may be an 
erbium, yttrium, scandium, gallium garnet (ErzYSGG) solid 
state laser, Which generates electromagnetic energy having a 
Wavelength in a range of 2.70 to 2.80 microns; an erbium, 
yttrium, aluminum garnet (ErzYAG) solid state laser, Which 
generates electromagnetic energy having a Wavelength of 
2.94 microns; chromium, thulium, erbium, yttrium, alumi 
num garnet (CTEzYAG) solid state laser, Which generates 
electromagnetic energy having a Wavelength of 2.69 
microns; erbium, yttrium orthoaluminate (ErzYALO3) solid 
state laser, Which generates electromagnetic energy having a 
Wavelength in a range of 2.71 to 2.86 microns; holmium, 
yttrium, aluminum garnet (HozYAG) solid state laser, Which 
generates electromagnetic energy having a Wavelength of 
2.10 microns; quadrupled neodymium, yttrium, aluminum 
garnet (quadrupled NdzYAG) solid state laser, Which gen 
erates electromagnetic energy having a Wavelength of 266 
nanometers; argon ?uoride excimer laser, Which gen 
erates electromagnetic energy having a Wavelength of 193 
nanometers; xenon chloride (XeCl) excimer laser, Which 
generates electromagnetic energy having a Wavelength of 
308 nanometers; krypton ?uoride excimer laser, 
Which generates electromagnetic energy having a Wave 
length of 248 nanometers; and carbon dioxide (CO2), Which 
generates electromagnetic energy having a Wavelength in a 
range of 9.0 to 10.6 microns. 

[0015] When the electromagnetic energy source is con?g 
ured according to the preferred embodiment, the repetition 
rate is greater than 1 HZ, the pulse duration range is betWeen 
1 picosecond and 1000 microseconds, and the energy is 
greater than 1 milliJoule per pulse. According to one pre 
ferred operating mode of the present invention, the electro 
magnetic energy source has a Wavelength of approximately 
2.78 microns, a repetition rate of 20 HZ, a pulse duration of 
140 microseconds, and an energy betWeen 1 and 300 mil 
liJoules per pulse. The atomiZed ?uid particles provide the 
mechanical cutting forces When they absorb the electromag 
netic energy Within the interaction Zone. These atomiZed 
?uid particles, hoWever, provide a second function of clean 
ing and cooling the ?beroptic guide from Which the elec 
tromagnetic energy is output. 

[0016] The optical cutter of the present invention combats 
the problem of poor coupling betWeen the tWo laser ?berop 
tics of FIG. 1. The optical cutter of the present invention 
provides a focusing optic for e?iciently directing the energy 
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from the ?rst ?beroptic guide to the second ?beroptic guide, 
to thereby reduce dissipation of laser energy betWeen the 
?rst ?beroptic guide and the second ?beroptic guide. This 
optical cutter includes a housing having a loWer portion, an 
upper portion, and an interfacing portion. The ?rst ?beroptic 
tube is surrounded at its upper portion by a ?rst abutting 
member, and the second ?beroptic tube is surrounded at its 
proximal end by a second abutting member. A cap is placed 
over the second ?beroptic tube and the second abutting 
member. Either ?beroptic tube may be formed of calcium 
?uoride (CaF), calcium oxide (CaO2), Zirconium oxide 
(ZrO2), Zirconium ?uoride (ZrF), sapphire, holloW 
Waveguide, liquid core, TeX glass, quartZ silica, germanium 
sul?de, arsenic sul?de, and germanium oxide (GeO2). 

[0017] The electromagnetically induced mechanical cutter 
of the present invention ef?ciently and accurately cuts both 
hard and soft tissue. This hard tissue may include tooth 
enamel, tooth dentin, tooth cementum, bone, and cartilage, 
and the soft tissues may include skin, mucosa, gingiva, 
muscle, heart, liver, kidney, brain, eye, and vessels. 

[0018] The invention, together With additional features 
and advantages thereof may best be understood by reference 
to the folloWing description taken in connection With the 
accompanying illustrative draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 
[0020] FIG. 2 is an optical cutter With the focusing optic 
of the present invention; 

[0021] FIG. 3 is a schematic block diagram illustrating the 
electromagnetically induced mechanical cutter of the 
present invention; 

FIG. 1 is a conventional optical cutter apparatus; 

[0022] FIG. 4 illustrates one embodiment of the electro 
magnetically induced mechanical cutter of the present 
invention; 
[0023] FIG. 5 illustrates the present preferred embodi 
ment of the electromagnetically induced mechanical cutter 
of the present invention; 

[0024] FIG. 6 illustrates a control panel for programming 
the combination of atomiZed ?uid particles according to the 
presently preferred embodiment; 

7 IS a 101 Of article SIZG VGI‘SllS p p 
pressure; 

[0026] 
pressure; 

FIG. 8 is a plot of particle velocity versus ?uid 

[0027] FIG. 9 is a schematic diagram illustrating a ?uid 
particle, a source of electromagnetic energy, and a target 
surface according to the present invention; 

[0028] FIG. 10 is a schematic diagram illustrating the 
“grenade” effect of the present invention; 

[0029] FIG. 11 is a schematic diagram illustrating the 
“explosive ejection” effect of the present invention; 

[0030] FIG. 12 is a schematic diagram illustrating the 
“explosive propulsion” effect of the present invention; 

[0031] FIG. 13 is a schematic diagram illustrating a 
combination of FIGS. 10-12; 
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[0032] FIG. 14 is a schematic diagram illustrating the 
“cleanness” of cut obtained by the present invention; and 

[0033] FIG. 15 is a schematic diagram illustrating the 
roughness of cut obtained by prior art systems. 

DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

[0034] FIG. 2 shoWs an optical cutter according to the 
present invention. The optical cutter 13 comprises many of 
the conventional elements shoWn in FIG. 1. Afocusing optic 
35 is placed betWeen the tWo metal cylindrical objects 19 
and 21. The focusing optic 35 prevents undesired dissipation 
of laser energy from the ?ber guide tube 5. Speci?cally, 
energy from the ?ber guide tube 5 dissipates slightly before 
being focused by the focusing optic 35. The focusing optic 
35 focuses energy from the ?ber guide tube 5 into the ?ber 
guide tube 23. The ef?cient transfer of laser energy from the 
?ber guide tube 5 to the ?ber guide tube 23 vitiates any need 
for the conventional air knife cooling system 11 (FIG. 1), 
since little laser energy is dissipated. The ?rst ?ber guide 
tube 5 comprises a trunk ?beroptic, Which comprises one of 
calcium ?uoride (CaF), calcium oxide (CaO2), Zirconium 
oxide (ZrO2), Zirconium ?uoride (ZrF), sapphire, holloW 
Waveguide, liquid core, TeX glass, quartZ silica, germanium 
sul?de, arsenic sul?de, and germanium oxide (GeO2). 

[0035] FIG. 3 is a block diagram illustrating the electro 
magnetically induced mechanical cutter of the present 
invention. An electromagnetic energy source 51 is coupled 
to both a controller 53 and a delivery system 55. The 
delivery system 55 imparts mechanical forces onto the target 
surface 57. As presently embodied, the delivery system 55 
comprises a ?beroptic guide for routing the laser 51 into an 
interaction Zone 59, located above the target surface 57. The 
delivery system 55 further comprises an atomiZer for deliv 
ering user-speci?ed combinations of atomiZed ?uid particles 
into the interaction Zone 59. The controller 53 controls 
various operating parameters of the laser 51, and further 
controls speci?c characteristics of the user-speci?ed com 
bination of atomiZed ?uid particles output from the delivery 
system 55. 

[0036] FIG. 4 shoWs a simple embodiment of the elec 
tromagnetically induced mechanical cutter of the present 
invention, in Which a ?beroptic guide 61, an air tube 63, and 
a Water tube 65 are placed Within a hand-held housing 67. 
The Water tube 65 is preferably operated under a relatively 
loW pressure, and the air tube 63 is preferably operated 
under a relatively high pressure. The laser energy from the 
?beroptic guide 61 focuses onto a combination of air and 
Water, from the air tube 63 and the Water tube 65, at the 
interaction Zone 59. AtomiZed ?uid particles in the air and 
Water mixture absorb energy from the laser energy of the 
?beroptic tube 61, and explode. The explosive forces from 
these atomiZed ?uid particles impart mechanical cutting 
forces onto the target 57. 

[0037] Turning back to FIG. 1, the prior art optical cutter 
focuses laser energy on a target surface at an area A, for 
example, and the electromagnetically induced mechanical 
cutter of the present invention focuses laser energy into an 
interaction Zone B, for example. The prior art optical cutter 
uses the laser energy directly to cut tissue, and the electro 
magnetically induced mechanical cutter of the present 
invention uses the laser energy to expand atomiZed ?uid 
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particles to thus impart mechanical cutting forces onto the 
target surface. The prior art optic cutter must use a large 
amount of laser energy to cut the area of interest, and also 
must use a large amount of Water to both cool this area of 
interest and remove cut tissue. 

[0038] In contrast, the electromagnetically induced 
mechanical cutter of the present invention uses a relatively 
small amount of Water and, further, uses only a small amount 
of laser energy to expand atomiZed ?uid particles generated 
from the Water. According to the electromagnetically 
induced mechanical cutter of the present invention, Water is 
not needed to cool the area of surgery, since the exploded 
atomiZed ?uid particles are cooled by exothermic reactions 
before they contact the target surface. Thus, atomiZed ?uid 
particles of the present invention are heated, expanded, and 
cooled before contacting the target surface. The electromag 
netically induced mechanical cutter of the present invention 
is thus capable of cutting Without charring or discoloration. 

[0039] FIG. 5 illustrates the presently preferred embodi 
ment of the electromagnetically induced mechanical cutter. 
The atomiZer for generating atomiZed ?uid particles com 
prises a noZZle 71, Which may be interchanged With other 
noZZles (not shoWn) for obtaining various spatial distribu 
tions of the atomiZed ?uid particles, according to the type of 
cut desired. A second noZZle 72, shoWn in phantom lines, 
may also be used. The cutting poWer of the electromagneti 
cally induced mechanical cutter is further controlled by the 
user control 75. In a simple embodiment, the user control 75 
controls the air and Water pressure entering into the noZZle 
71. The noZZle 71 is thus capable of generating many 
different user-speci?ed combinations of atomiZed ?uid par 
ticles and aerosoliZed sprays. 

[0040] Intense energy is emitted from the ?beroptic guide 
23. This intense energy is preferably generated from a 
coherent source, such as a laser. In the presently preferred 
embodiment, the laser comprises an erbium, chromium, 
yttrium, scandium, gallium garnet (Er, CrzYSGG) solid state 
laser, Which generates light having a Wavelength in a range 
of 2.70 to 2.80 microns. As presently preferred, this laser has 
a Wavelength of approximately 2.78 microns. Although the 
?uid emitted from the noZZle 71 preferably comprises Water, 
other ?uids may be used and appropriate Wavelengths of the 
electromagnetic energy source may be selected to alloW for 
high absorption by the ?uid. Other possible laser systems 
include an erbium, yttrium, scandium, gallium garnet 
(ErzYSGG) solid state laser, Which generates electromag 
netic energy having a Wavelength in a range of 2.70 to 2.80 
microns; an erbium, yttrium, aluminum garnet (ErzYAG) 
solid state laser, Which generates electromagnetic energy 
having a Wavelength of 2.94 microns; chromium, thulium, 
erbium, yttrium, aluminum garnet (CTEzYAG) solid state 
laser, Which generates electromagnetic energy having a 
Wavelength of 2.69 microns; erbium, yttrium orthoaluminate 
(ErzYALO3) solid state laser, Which generates electromag 
netic energy having a Wavelength in a range of 2.71 to 2.86 
microns; holmium, yttrium, aluminum garnet (HozYAG) 
solid state laser, Which generates electromagnetic energy 
having a Wavelength of 2.10 microns; quadrupled neody 
mium, yttrium, aluminum garnet (quadrupled NdzYAG) 
solid state laser, Which generates electromagnetic energy 
having a Wavelength of 266 nanometers; argon ?uoride 
(ArF) excimer laser, Which generates electromagnetic 
energy having a Wavelength of 193 nanometers; xenon 
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chloride (XeCl) excimer laser, Which generates electromag 
netic energy having a Wavelength of 308 nanometers; kryp 
ton ?uoride excimer laser, Which generates electro 
magnetic energy having a Wavelength of 248 nanometers; 
and carbon dioxide (CO2), Which generates electromagnetic 
energy having a Wavelength in a range of 9.0 to 10.6 
microns. Water is chosen as the preferred ?uid because of its 
biocompatibility, abundance, and loW cost. The actual ?uid 
used may vary as long as it is properly matched (meaning it 
is highly absorbed) to the selected electromagnetic energy 
source (i.e. laser) Wavelength. 

[0041] The delivery system 55 for delivering the electro 
magnetic energy includes a ?beroptic energy guide or 
equivalent Which attaches to the laser system and travels to 
the desired Work site. Fiberoptics or Waveguides are typi 
cally long, thin and lightWeight, and are easily manipulated. 
Fiberoptics can be made of calcium ?uoride (CaF), calcium 
oxide (CaO2), Zirconium oxide (ZrO2), Zirconium ?uoride 
(ZrF), sapphire, holloW Waveguide, liquid core, TeX glass, 
quartZ silica, germanium sul?de, arsenic sul?de, germanium 
oxide (GeO2), and other materials. Other delivery systems 
include devices comprising mirrors, lenses and other optical 
components Where the energy travels through a cavity, is 
directed by various mirrors, and is focused onto the targeted 
cutting site With speci?c lenses. The preferred embodiment 
of light delivery for medical applications of the present 
invention is through a ?beroptic conductor, because of its 
light Weight, loWer cost, and ability to be packaged inside of 
a handpiece of familiar siZe and Weight to the surgeon, 
dentist, or clinician. In industrial applications, non-?beroptic 
systems may be used. 

[0042] The noZZle 71 is employed to create an engineered 
combination of small particles of the chosen ?uid. The 
noZZle 71 may comprise several different designs including 
liquid only, air blast, air assist, sWirl, solid cone, etc. When 
?uid exits the noZZle 71 at a given pressure and rate, it is 
transformed into particles of user-controllable siZes, veloci 
ties, and spatial distributions. 

[0043] FIG. 6 illustrates a control panel 77 for alloWing 
user-programmability of the atomiZed ?uid particles. By 
changing the pressure and ?oW rates of the ?uid, for 
example, the user can control the atomiZed ?uid particle 
characteristics. These characteristics determine absorption 
ef?ciency of the laser energy, and the subsequent cutting 
effectiveness of the electromagnetically induced mechanical 
cutter. This control panel may comprise, for example, a ?uid 
particle siZe control 78, a ?uid particle velocity control 79, 
a cone angle control 80, an average poWer control 81, a 
repetition rate 82, and a ?ber selector 83. 

[0044] The cone angle may be controlled, for example, by 
changing the physical structure of the noZZle 71. For 
example, various noZZles 71 may be interchangeably placed 
on the electromagnetically induced mechanical cutter. Alter 
natively, the physical structure of a single noZZle 71 may be 
changed. 

[0045] FIG. 7 illustrates a plot 85 of mean ?uid particle 
siZe versus pressure. According to this ?gure, When the 
pressure through the noZZle 71 is increased, the mean ?uid 
particle siZe of the atomiZed ?uid particles decreases. The 
plot 87 of FIG. 8 shoWs that the mean ?uid particle velocity 
of these atomiZed ?uid particles increases With increasing 
pressure. 
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[0046] According to the present invention, materials are 
removed from a target surface by mechanical cutting forces, 
instead of by conventional thermal cutting forces. Laser 
energy is used only to induce mechanical forces onto the 
targeted material. Thus, the atomiZed ?uid particles act as 
the medium for transforming the electromagnetic energy of 
the laser into the mechanical energy required to achieve the 
mechanical cutting effect of the present invention. The laser 
energy itself is not directly absorbed by the targeted mate 
rial. The mechanical interaction of the present invention is 
safer, faster, and eliminates the negative thermal side-effects 
typically associated With conventional laser cutting systems. 

[0047] The ?beroptic guide 23 (FIG. 5) can be placed into 
close proximity of the target surface. This ?beroptic guide 
23, hoWever, does not actually contact the target surface. 
Since the atomiZed ?uid particles from the noZZle 71 are 
placed into the interaction Zone 59, the purpose of the 
?beroptic guide 23 is for placing laser energy into this 
interaction Zone, as Well. A novel feature of the present 
invention is the formation of the ?beroptic guide 23 of 
sapphire. Regardless of the composition of the ?beroptic 
guide 23, hoWever, another novel feature of the present 
invention is the cleaning effect of the air and Water, from the 
noZZle 71, on the ?beroptic guide 23. 

[0048] Applicants have found that this cleaning effect is 
optimal When the noZZle 71 is pointed someWhat directly at 
the target surface. For example, debris from the mechanical 
cutting are removed by the spray from the noZZle 71. 

[0049] Additionally, applicants have found that this ori 
entation of the noZZle 71, pointed toWard the target surface, 
enhances the cutting e?iciency of the present invention. 
Each atomiZed ?uid particle contains a small amount of 
initial kinetic energy in the direction of the target surface. 
When electromagnetic energy from the ?beroptic guide 23 
contacts an atomiZed ?uid particle, the spherical exterior 
surface of the ?uid particle acts as a focusing lens to focus 
the energy into the Water particle’s interior. 

[0050] As shoWn in FIG. 9, the Water particle 101 has an 
illuminated side 103, a shaded side 105, and a particle 
velocity 107. The focused electromagnetic energy is 
absorbed by the Water particle 101, causing the interior of 
the Water particle to heat and explode rapidly. This exother 
mic explosion cools the remaining portions of the exploded 
Water particle 101. The surrounding atomiZed ?uid particles 
further enhance cooling of the portions of the exploded 
Water particle 101. A pressure-Wave is generated from this 
explosion. This pressure-Wave, and the portions of the 
exploded Water particle 101 of increased kinetic energy, are 
directed toWard the target surface 107. The incident portions 
from the original exploded Water particle 101, Which are 
noW traveling at high velocities With high kinetic energies, 
and the pressure-Wave, impart strong, concentrated, 
mechanical forces onto the target surface 107. 

[0051] These mechanical forces cause the target surface 
107 to break apart from the material surface through a 
“chipping aWay” action. The target surface 107 does not 
undergo vaporiZation, disintegration, or charring. The chip 
ping aWay process can be repeated by the present invention 
until the desired amount of material has been removed from 
the target surface 107. Unlike prior art systems, the present 
invention does not require a thin layer of ?uid. In fact, it is 
preferred that a thin layer of ?uid does not cover the target 
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surface, since this insulation layer Would interfere With the 
above-described interaction process. 

[0052] FIGS. 10, 11 and 12 illustrate various types of 
absorptions of the electromagnetic energy by atomiZed ?uid 
particles. The noZZle 71 is preferably con?gured to produce 
atomiZed sprays With a range of ?uid particle siZes narroWly 
distributed about a mean value. The user input device for 
controlling cutting e?iciency may comprise a simple pres 
sure and ?oW rate gauge 75 (FIG. 5) or may comprise a 
control panel as shoWn in FIG. 6, for example. Upon a user 
input for a high resolution cut, relatively small ?uid particles 
are generated by the noZZle 71. Relatively large ?uid par 
ticles are generated for a user input specifying a loW 
resolution cut. Auser input specifying a deep penetration cut 
causes the noZZle 71 to generate a relatively loW density 
distribution of ?uid particles, and a user input specifying a 
shalloW penetration cut causes the noZZle 71 to generate a 
relatively high density distribution of ?uid particles. If the 
user input device comprises the simple pressure and ?oW 
rate gauge 75 of FIG. 5, then a relatively loW density 
distribution of relatively small ?uid particles can be gener 
ated in response to a user input specifying a high cutting 
e?iciency. Similarly, a relatively high density distribution of 
relatively large ?uid particles can be generated in response 
to a user input specifying a loW cutting e?iciency. Other 
variations are also possible. 

[0053] These various parameters can be adjusted accord 
ing to the type of cut and the type of tissue. Hard tissues 
include tooth enamel, tooth dentin, tooth cementum, bone, 
and cartilage. Soft tissues, Which the electromagnetically 
induced mechanical cutter of the present invention is also 
adapted to cut, include skin, mucosa, gingiva, muscle, heart, 
liver, kidney, brain, eye, and vessels. Other materials may 
include glass and semiconductor chip surfaces, for example. 
A user may also adjust the combination of atomiZed ?uid 
particles exiting the noZZle 71 to efficiently implement 
cooling and cleaning of the ?beroptics 23 (FIG. 5), as Well. 
According to the presently preferred embodiment, the com 
bination of atomiZed ?uid particles may comprise a distri 
bution, velocity, and mean diameter to effectively cool the 
?beroptic guide 23, While simultaneously keeping the 
?beroptic guide 23 clean of particular debris Which may be 
introduced thereon by the surgical site. 

[0054] Looking again at FIG. 9, electromagnetic energy 
contacts each atomiZed ?uid particle 101 on its illuminated 
side 103 and penetrates the atomiZed ?uid particle to a 
certain depth. The focused electromagnetic energy is 
absorbed by the ?uid, inducing explosive vaporiZation of the 
atomiZed ?uid particle 101. 

[0055] The diameters of the atomiZed ?uid particles can be 
less than, almost equal to, or greater than the Wavelength of 
the incident electromagnetic energy. In each of these three 
cases, a different interaction occurs betWeen the electromag 
netic energy and the atomiZed ?uid particle. FIG. 10 illus 
trates a case Where the atomiZed ?uid particle diameter is 
less than the Wavelength of the electromagnetic energy 
(d<>\.). This case causes the complete volume of ?uid inside 
of the ?uid particle 101 to absorb the laser energy, inducing 
explosive vaporiZation. The ?uid particle 101 explodes, 
ejecting its contents radially. Applicants refer to this phe 
nomena as the “explosive grenade” effect. As a result of this 
interaction, radial pressure-Waves from the explosion are 
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created and projected in the direction of propagation. The 
direction of propagation is toWard the target surface 107, and 
in the presently preferred embodiment, both the laser energy 
and the atomiZed ?uid particles are traveling substantially in 
the direction of propagation. 

[0056] The resulting portions from the explosion of the 
Water particle 101, and the pressure-Wave, produce the 
“chipping aWay” effect of cutting and removing of materials 
from the target surface 107. Thus, according to the “explo 
sive grenade” effect shoWn in FIG. 10, the small diameter of 
the ?uid particle 101 alloWs the laser energy to penetrate and 
to be absorbed violently Within the entire volume of the 
liquid. Explosion of the ?uid particle 101 can be analogiZed 
to an exploding grenade, Which radially ejects energy and 
shrapnel. The Water content of the ?uid particle 101 is 
evaporated due to the strong absorption Within a small 
volume of liquid, and the pressure-Waves created during this 
process produce the material cutting process. 

[0057] FIG. 11 shoWs a case Where the ?uid particle 101 
has a diameter, Which is approximately equal to the Wave 
length of the electromagnetic energy (d=>\.). According to 
this “explosive ejection” effect, the laser energy travels 
through the ?uid particle 101 before becoming absorbed by 
the ?uid therein. Once absorbed, the ?uid particle’s shaded 
side heats up, and explosive vaporiZation occurs. In this 
case, internal particle ?uid is violently ejected through the 
?uid particle’s shaded side, and moves rapidly With the 
explosive pressure-Wave toWard the target surface. As 
shoWn in FIG. 11, the laser energy is able to penetrate the 
?uid particle 101 and to be absorbed Within a depth close to 
the siZe of the particle’s diameter. The center of explosive 
vaporiZation in the case shoWn in FIG. 11 is closer to the 
shaded side 105 of the moving ?uid particle 101. According 
to this “explosive ejection” effect shoWn in FIG. 11, the 
vaporiZed ?uid is violently ejected through the particle’s 
shaded side toWard the target surface 107. 

[0058] A third case shoWn in FIG. 12 is the “explosive 
propulsion” effect. In this case, the diameter of the ?uid 
particle is larger than the Wavelength of the electromagnetic 
energy (d>>\.). In this case, the laser energy penetrates the 
?uid particle 101 only a small distance through the illumi 
nated surface 103 and causes this illuminated surface 103 to 
vaporiZe. The vaporiZation of the illuminated surface 103 
tends to propel the remaining portion of the ?uid particle 101 
toWard the targeted material surface 107. Thus, a portion of 
the mass of the initial ?uid particle 101 is converted into 
kinetic energy, to thereby propel the remaining portion of the 
?uid particle 101 toWard the target surface With a high 
kinetic energy. This high kinetic energy is additive to the 
initial kinetic energy of the ?uid particle 101. The effects 
shoWn in FIG. 12 can be visualiZed as a micro-hydro rocket 
With a jet tail, Which helps propel the particle With high 
velocity toWard the target surface 107. The exploding vapor 
on the illuminated side 103 thus supplements the particle’s 
initial forWard velocity. 

[0059] The combination of FIGS. 10-12 is shoWn in FIG. 
13. The noZZle 71 produces the combination of atomiZed 
?uid particles Which are transported into the interaction Zone 
59. The laser 51 is focused on this interaction Zone 59. 
Relatively small ?uid particles 131 explode via the “gre 
nade” effect, and relatively large ?uid particles 133 explode 
via the “explosive propulsion” effect. Medium siZed ?uid 
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particles, having diameters approximately equal to the 
Wavelength of the laser 51 and shoWn by the reference 
number 135, explode via the “explosive ejection” effect. The 
resulting pressure-Waves 137 and exploded ?uid particles 
139 impinge upon the target surface 107. 

[0060] FIG. 14 illustrates the clean, high resolution cut 
produced by the electromagnetically induced mechanical 
cutter of the present invention. Unlike the cut of the prior art 
shoWn in FIG. 15, the cut of the present invention is clean 
and precise. Among other advantages, this cut provides an 
ideal bonding surface, is accurate, and does not stress 
remaining materials surrounding the cut. 

[0061] Although an exemplary embodiment of the inven 
tion has been shoWn and described, many changes, modi? 
cations and substitutions may be made by one having 
ordinary skill in the art Without necessarily departing from 
the spirit and scope of this invention. 

1. An apparatus for controlling a cutting e?iciency of an 
electromagnetically induced mechanical cutter, comprising: 

(a) an electromagnetic energy source for focusing elec 
tromagnetic energy into a volume of air adjacent to a 
target surface; 

(b) a user input device for specifying one of a high 
resolution cut and a loW resolution cut, and for speci 
fying one of a deep-penetration cut and a shalloW 
penetration cut; and 

(c) an atomiZer responsive to the user input device for 
generating a combination of atomiZed ?uid particles, 
and for placing the user-speci?ed combination of atom 
iZed ?uid particles into the volume of air adjacent to the 
target surface, the atomiZer generating: 

(1) a combination of atomiZed ?uid particles compris 
ing relatively small ?uid particles, in response to a 
user input specifying a high resolution cut; 

(2) a combination of atomiZed ?uid particles compris 
ing relatively large ?uid particles, in response to a 
user input specifying a loW resolution cut; 

(3) a combination of atomiZed ?uid particles compris 
ing a relatively loW-density distribution of ?uid 
particles, in response to a user input specifying a 
deep-penetration cut; and 

(4) a combination of atomiZed ?uid particles Which 
comprises a relatively high-density distribution of 
?uid particles, in response to a user input specifying 
a shalloW-penetration cut, 

Wherein the focused electromagnetic energy from the 
electromagnetic energy source has a Wavelength Which 
is substantially absorbed by the atomiZed ?uid particles 
in the volume of air adjacent to the target surface, and 

Wherein the absorption of the focused electromagnetic 
energy by the atomiZed ?uid particles causes the atom 
iZed ?uid particles to explode and impart mechanical 
cutting forces onto the target surface. 

2. The apparatus for controlling a cutting e?iciency of an 
electromagnetically induced mechanical cutter according to 
claim 1, Wherein the user input device comprises a single 
input for controlling the cutting efficiency. 
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3. The apparatus for controlling a cutting e?iciency of an 
electromagnetically induced mechanical cutter according to 
claim 2, Wherein the user input device generates a relatively 
loW-density distribution of relatively small ?uid particles 
When the single input speci?es a high cutting efficiency. 

4. The apparatus for controlling a cutting e?iciency of an 
electromagnetically induced mechanical cutter according to 
claim 3, Wherein the user input device generates a relatively 
high-density distribution of relatively large ?uid particles 
When the single input speci?es a loW cutting e?iciency. 

5. The apparatus for controlling a cutting e?iciency of an 
electromagnetically induced mechanical cutter according to 
claim 4, Wherein each of the relatively small ?uid particles 
has a ?uid-particle diameter, and 

Wherein a mean ?uid-particle diameter of the ?uid-par 
ticle diameters of the relatively small ?uid particles is 
less than the Wavelength of the electromagnetic energy 
focused into the volume of air adjacent to the target 
surface. 

6. The apparatus for controlling a cutting e?iciency of an 
electromagnetically induced mechanical cutter according to 
claim 4, Wherein each of the relatively large ?uid particles 
has a ?uid-particle diameter, and 

Wherein a mean ?uid-particle diameter of the ?uid-par 
ticle diameters of the relatively large ?uid particles is 
greater than the Wavelength of the electromagnetic 
energy focused into the volume of air adjacent to the 
target surface. 

7. The apparatus for controlling a cutting e?iciency of an 
electromagnetically induced mechanical cutter according to 
claim 1, Wherein the target surface comprises cartilage. 

8. The apparatus for controlling a cutting e?iciency of an 
electromagnetically induced mechanical cutter according to 
claim 1, Wherein the target surface comprises a bone. 

9. The apparatus for controlling a cutting e?iciency of an 
electromagnetically induced mechanical cutter according to 
claim 8, Wherein the target surface comprises a tooth. 

10. The apparatus for controlling a cutting efficiency of an 
electromagnetically induced mechanical cutter according to 
claim 1, Wherein the target surface comprises glass. 

11. The apparatus for controlling a cutting e?iciency of an 
electromagnetically induced mechanical cutter according to 
claim 1, Wherein the target surface comprises a semicon 
ductor chip surface. 

12. An electromagnetically induced mechanical cutter for 
removing portions of a target surface, comprising: 

a user input device for inputting a user-selected combi 
nation of atomiZed ?uid particles, the user-selected 
combination of atomiZed ?uid particles corresponding 
to a user-selected average siZe, spatial distribution, and 
velocity of atomiZed ?uid particles; 

an atomiZer, responsive to the user input device, for 
generating the user-speci?ed combination of atomiZed 
?uid particles, and for placing the user-speci?ed com 
bination of atomiZed ?uid particles into an interaction 
Zone, the interaction Zone being de?ned as a volume 
above the target surface; and 

an electromagnetic energy source for focusing electro 
magnetic energy into the interaction Zone, the electro 
magnetic energy having a Wavelength Which is sub 
stantially absorbed by a portion of atomiZed ?uid 
particles of the user-speci?ed combination of atomiZed 
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?uid particles in the interaction Zone, the absorption of 
the electromagnetic energy by the portion of atomiZed 
?uid particles causing the portion of atomiZed ?uid 
particles to eXplode and impart mechanical cutting 
forces onto the target surface. 

13. The electromagnetically induced mechanical cutter 
for removing portions of a target surface according to claim 
12, Wherein the ?uid comprises Water, and 

Wherein the electromagnetic energy source is an erbium, 
chromium, yttrium, scandium, gallium garnet (Er, 
CrzYSGG) solid state laser, Which generates light hav 
ing a Wavelength in a range of 2.70 to 2.80 microns. 

14. The electromagnetically induced mechanical cutter 
for removing portions of a target surface according to claim 
12, Wherein the ?uid comprises Water, and 

Wherein the electromagnetic energy source comprises one 
of the folloWing: 

(a) erbium, yttrium, scandium, gallium garnet 
(ErzYSGG) solid state laser, Which generates elec 
tromagnetic energy having a Wavelength in a range 
of 2.70 to 2.80 microns; 

(b) erbium, yttrium, aluminum garnet (ErzYAG) solid 
state laser, Which generates electromagnetic energy 
having a Wavelength of 2.94 microns; 

(c) chromium, thulium, erbium, yttrium, aluminum 
garnet (CTEzYAG) solid state laser, Which generates 
electromagnetic energy having a Wavelength of 2.69 
microns; 

(d) erbium, yttrium orthoaluminate (ErzYALO3) solid 
state laser, Which generates electromagnetic energy 
having a Wavelength in a range of 2.71 to 2.86 
microns; 

(e) holmium, yttrium, aluminum garnet (HozYAG) 
solid state laser, Which generates electromagnetic 
energy having a Wavelength of 2.10 microns; 

(f) quadrupled neodymium, yttrium, aluminum garnet 
(quadrupled NdzYAG) solid state laser, Which gen 
erates electromagnetic energy having a Wavelength 
of 266 nanometers; 

(g) argon ?uoride eXcimer laser, Which generates 
electromagnetic energy having a Wavelength of 193 
nanometers; 

(h) Xenon chloride (XeCl) eXcimer laser, Which gener 
ates electromagnetic energy having a Wavelength of 
308 nanometers; 

(i) krypton ?uoride eXcimer laser, Which gener 
ates electromagnetic energy having a Wavelength of 
248 nanometers; and 

carbon dioxide (CO2), Which generates electromag 
netic energy having a Wavelength in a range of 9.0 to 
10.6 microns. 

15. The electromagnetically induced mechanical cutter 
for removing portions of a target surface according to claim 
13, Wherein the Er, CrzYSGG solid state laser has a repeti 
tion rate greater than 1 HZ, a pulse duration range betWeen 
1 picosecond and 1000 microseconds, and an energy greater 
than 1 milliJoule per pulse. 
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16. The electromagnetically induced mechanical cutter 
for removing portions of a target surface according to claim 
13, Wherein the Er, CrzYSGG solid state laser has a repeti 
tion rate of 20 HZ, a pulse duration of 140 microseconds, and 
an energy betWeen 1 and 300 milliJoules per pulse. 

17. An apparatus for imparting mechanical forces onto a 
target surface, comprising: 

an atomiZer for placing atomiZed ?uid particles into an 
interaction Zone, the interaction Zone being de?ned as 
a volume above the target surface; and 

an electromagnetic energy source for focusing electro 
magnetic energy into the interaction Zone, the electro 
magnetic energy having a Wavelength Which is sub 
stantially absorbed by the atomiZed ?uid particles in the 
interaction Zone, the absorption of the electromagnetic 
energy by the atomiZed ?uid particles causing the 
atomiZed ?uid particles to explode and impart the 
mechanical forces onto the target surface. 

18. The apparatus for imparting mechanical forces onto a 
target surface according to claim 17, Wherein the energy is 
delivered through a ?beroptic, and 

Wherein the atomiZed ?uid particles contact the ?beroptic 
to thereby cool and clean the ?beroptic. 

19. The apparatus for imparting mechanical forces onto a 
target surface according to claim 18, Wherein the atomiZed 
?uid particles contact the ?beroptic to thereby remove 
particulate debris from the ?beroptic. 

20. The apparatus for imparting mechanical forces onto a 
target surface according to claim 18, Wherein the ?beroptic 
comprises sapphire. 

21. The apparatus for imparting mechanical forces onto a 
target surface according to claim 17, Wherein the electro 
magnetic energy source is an erbium, chromium, yttrium 
scandium gallium garnet (Er, CrzYSGG) solid state laser, 
Which generates electromagnetic energy having a Wave 
length of approximately 2.78 microns. 

22. The apparatus for imparting mechanical forces onto a 
target surface according to claim 17 Wherein the ?uid 
particles comprise Water, and 

Wherein the electromagnetic energy source is an erbium, 
chromium, yttrium, scandium, gallium garnet (Er, 
CrzYSGG) solid state laser, Which generates electro 
magnetic energy having a Wavelength in a range of 2.70 
to 2.80 microns. 

23. The apparatus for imparting mechanical forces onto a 
target surface according to claim 22, Wherein the Er, 
CrzYSGG solid state laser has a repetition rate greater than 
1 HZ, a pulse duration range betWeen 1 picosecond and 1000 
microseconds, and an energy greater than 10 milliJoules per 
pulse. 

24. The apparatus for imparting mechanical forces onto a 
target surface according to claim 17, Wherein the ?uid 
comprises Water, and 

Wherein the electromagnetic energy source comprises one 
of the folloWing: 

(a) erbium, yttrium, scandium, gallium garnet 
(ErzYSGG) solid state laser, Which generates elec 
tromagnetic energy having a Wavelength in a range 
of 2.70 to 2.80 microns; 
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(b) erbium, yttrium, aluminum garnet (ErzYAG) solid 
state laser, Which generates electromagnetic energy 
having a Wavelength of 2.94 microns; 

(c) chromium, thulium, erbium, yttrium, aluminum 
garnet (CTEzYAG) solid state laser, Which generates 
electromagnetic energy having a Wavelength of 2.69 
microns; 

(d) erbium, yttrium orthoaluminate (ErzYALO3) solid 
state laser, Which generates electromagnetic energy 
having a Wavelength in a range of 2.71 to 2.86 
microns; 

(e) holmium, yttrium, aluminum garnet (HozYAG) 
solid state laser, Which generates electromagnetic 
energy having a Wavelength of 2.10 microns; 

(f) quadrupled neodymium, yttrium, aluminum garnet 
(quadrupled NdzYAG) solid state laser, Which gen 
erates electromagnetic energy having a Wavelength 
of 266 nanometers; 

(g) argon ?uoride excimer laser, Which generates 
electromagnetic energy having a Wavelength of 193 
nanometers; 

(h) xenon chloride (XeCl) excimer laser, Which gener 
ates electromagnetic energy having a Wavelength of 
308 nanometers; 

(i) krypton ?uoride excimer laser, Which gener 
ates electromagnetic energy having a Wavelength of 
248 nanometers; and 

carbon dioxide (CO2), Which generates electromag 
netic energy having a Wavelength in a range of 9.0 to 
10.6 microns. 

25. The apparatus for imparting mechanical forces onto a 
target surface according to claim 17, Wherein the target 
surface comprises a hard tissue. 

26. The apparatus for imparting mechanical forces onto a 
target surface according to claim 25, Wherein the hard tissue 
comprises one of tooth enamel, tooth dentin, tooth cemen 
tum, bone, and cartilage. 

27. The apparatus for imparting mechanical forces onto a 
target surface according to claim 17, Wherein the target 
surface comprises a soft tissue. 

28. The apparatus for imparting mechanical forces onto a 
target surface according to claim 22, Wherein the soft tissue 
comprises one of skin, mucosa, gingiva, muscle, heart, liver, 
kidney, brain, eye, and vessels. 

29. The apparatus for imparting mechanical forces onto a 
target surface according to claim 17, Wherein the target 
surface comprises glass. 

30. The apparatus for imparting mechanical forces onto a 
target surface according to claim 17, Wherein the target 
surface comprises a semiconductor chip surface. 

31. The apparatus for imparting mechanical forces onto a 
target surface according to claim 17, further comprising an 
input device for accepting a user input. 

32. The apparatus for imparting mechanical forces onto a 
target surface according to claim 31, Wherein the user input 
speci?es a cutting efficiency of the apparatus. 

33. The apparatus for imparting mechanical forces onto a 
target surface according to claim 32, Wherein at least one 
physical characteristic of the atomiZed ?uid particles is 
controlled by the user input. 
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34. The apparatus for imparting mechanical forces onto a 
target surface according to claim 33, Wherein the at least one 
physical characteristic of the atorniZed ?uid particles 
includes at least one of an average ?uid particle siZe, spatial 
distribution, and velocity. 

35. An apparatus for controlling a cutting ef?ciency of an 
electrornagnetically induced rnechanical cutter, comprising: 

an electromagnetic energy source for focusing electro 
magnetic energy into a volume adjacent to a target 
surface; 

a speci?cation input for specifying at least one of a cutting 
resolution and a penetration level for the cutting ef? 
ciency; 

means for selecting one of a plurality of ?uid spray 
noZZles, in response to a user speci?cation of the 
cutting resolution; 

means for selecting an upstream ?uid pressure for the 
selected ?uid spray noZZle, in response to a user 
speci?cation of the penetration level; and 

an atorniZer for applying the upstream ?uid pressure to the 
?uid spray noZZle, to thereby generate a user-speci?ed 
combination of atorniZed ?uid particles, the atomizer 
placing the user-speci?ed combination of atorniZed 
?uid particles into the volume adjacent to the target 
surface, the focused electromagnetic energy being sub 
stantially absorbed by the user-speci?ed combination 
of atorniZed ?uid particles, the user-speci?ed combi 
nation of atorniZed ?uid particles, upon absorbing the 
electromagnetic energy, exploding and irnparting 
rnechanical cutting forces onto the target surface. 

36. The apparatus for controlling a cutting efficiency of an 
electrornagnetically induced rnechanical cutter according to 
claim 35, Wherein the speci?cation input comprises: 

a ?rst user input for specifying a level of resolution for the 
cutting ef?ciency, the level of resolution including one 
of a high resolution cut and a loW resolution cut; and 

a second user input for specifying a level of penetration 
for the cutting ef?ciency, the level of penetration 
including one of a deep-penetration cut and a shalloW 
penetration cut. 

37. The apparatus for controlling a cutting efficiency of an 
electrornagnetically induced rnechanical cutter according to 
claim 36, Wherein the atomizer generates a combination of 
atorniZed ?uid particles cornprising relatively small ?uid 
particles, in response to the ?rst user input specifying a high 
resolution cut, 

Wherein the atomizer generates a combination of atom 
iZed ?uid particles cornprising relatively large ?uid 
particles, in response to the ?rst user input specifying 
a loW resolution cut, 

Wherein the atomizer generates a combination of atom 
iZed ?uid particles which comprises a relatively loW 
density distribution of ?uid particles, in response to the 
second user input specifying a deep-penetration cut, 
and 

Wherein the atomizer generates a combination of atom 
iZed ?uid particles which comprises a relatively high 
density distribution of ?uid particles, in response to the 
second user input specifying a shalloW-penetration cut. 
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38. A method of controlling a cutting ef?ciency of an 
electrornagnetically induced rnechanical cutter, comprising 
the folloWing steps: 

focusing electromagnetic energy into a volume adjacent 
to a target surface; 

specifying at least one of a cutting resolution and a 
penetration level for the cutting ef?ciency; 

selecting one of a plurality of ?uid spray noZZles, in 
response to a speci?cation of the cutting resolution; 

selecting an upstream ?uid pressure for the selected ?uid 
spray noZZle, in response to a speci?cation of the 
penetration level; 

applying the upstream ?uid pressure to the ?uid spray 
noZZle, to thereby generate a user-speci?ed combina 
tion of atorniZed ?uid particles; and 

placing the user-speci?ed combination of atorniZed ?uid 
particles into the volume adjacent to the target surface, 
the focused electromagnetic energy being substantially 
absorbed by the user-speci?ed combination of atom 
iZed ?uid particles, the user-speci?ed combination of 
atorniZed ?uid particles, upon absorbing the electro 
magnetic energy, exploding and irnparting rnechanical 
cutting forces onto the target surface. 

39. The method of controlling a cutting efficiency of an 
electrornagnetically induced rnechanical cutter according to 
claim 38, the step of specifying at least one of a cutting 
resolution and a penetration level for the cutting ef?ciency 
further comprising the folloWing steps: 

specifying, via a user input, one of a high resolution cut 
and a loW resolution cut; and 

specifying, via a user input, one of a deep-penetration cut 
and a shalloW-penetration cut. 

40. The method of controlling a cutting efficiency of an 
electrornagnetically induced rnechanical cutter according to 
claim 39, Wherein the step of applying the upstream ?uid 
pressure to the ?uid spray noZZle comprises the folloWing 
substeps: 

generating a combination of atorniZed ?uid particles corn 
prising relatively small ?uid particles, in response to a 
user input specifying a high resolution cut; 

generating a combination of atorniZed ?uid particles corn 
prising relatively large ?uid particles, in response to a 
user input specifying a loW resolution cut; 

generating a combination of atorniZed ?uid particles 
which comprises a relatively loW-density distribution 
of ?uid particles, in response to a user input specifying 
a deep-penetration cut; and 

generating a combination of atorniZed ?uid particles 
which comprises a relatively high-density distribution 
of ?uid particles, in response to a user input specifying 
a shalloW-penetration cut. 

41. The apparatus for controlling a cutting ef?ciency of an 
electrornagnetically induced rnechanical cutter according to 
claim 40, Wherein the step of applying the upstream ?uid 
pressure to the ?uid spray noZZle further comprises the 
folloWing substeps: 

generating atorniZed ?uid particles With relatively high 
kinetic energies, in response to at least one of a user 
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speci?cation for a deep-penetration cut and a user 
speci?cation for high resolution cut; and 

generating atomized ?uid particles With relatively loW 
kinetic energies, in response to at least one of a user 
speci?cation for a shalloW-penetration cut and a user 
speci?cation for loW resolution cut. 

42. A method of providing electromagnetically induced 
mechanical cutting forces onto a target surface to thereby 
remove portions of the target surface, comprising the fol 
loWing steps: 

inputting a user-speci?ed combination of atomiZed ?uid 
particles, the user-speci?ed combination of atomiZed 
?uid particles corresponding to a user-speci?ed average 
siZe, spatial distribution, and velocity of atomiZed ?uid 
particles; 

generating the user-speci?ed combination of atomiZed 
?uid particles, in response to the user input device; 

placing the user-speci?ed combination of atomiZed ?uid 
particles into an interaction Zone, the interaction Zone 
being de?ned as a volume above the target surface; and 

focusing electromagnetic energy into the interaction Zone, 
the electromagnetic energy having a Wavelength Which 
is substantially absorbed by a portion of atomiZed ?uid 
particles of the user-speci?ed combination of atomiZed 
?uid particles in the interaction Zone, the absorption of 
the electromagnetic energy by the portion of atomiZed 
?uid particles causing the portion of atomiZed ?uid 
particles to explode and impart mechanical cutting 
forces onto the target surface. 

43. A method of mechanically removing portions of a 
target surface, comprising the folloWing steps: 

placing atomiZed ?uid particles into an interaction Zone 
above the target surface; 

focusing electromagnetic energy onto the atomiZed ?uid 
particles in the interaction Zone; and 

exploding the atomiZed ?uid particles in the interaction 
Zone, the explosions of the atomiZed ?uid particles 
imparting mechanical forces onto the target surface to 
thereby remove the portions of the target surface. 

44. The method of mechanically removing portions of a 
target surface according to claim 43, Wherein the step of 
placing atomiZed ?uid particles into the interaction Zone 
above the target surface includes a substep of placing 
atomiZed Water particles into the interaction Zone above the 
target surface. 

45. The method of mechanically removing portions of a 
target surface according to claim 44, Wherein the step of 
focusing electromagnetic energy onto the atomiZed ?uid 
particles in the interaction Zone comprises a substep of 
focusing electromagnetic energy from an erbium, chro 
mium, yttrium scandium gallium garnet (Er, Cr:YSGG) 
solid state laser, Which generates electromagnetic energy 
having a Wavelength of approximately 2.78 microns, onto 
the atomiZed Water particles in the interaction Zone. 

46. The method of mechanically removing portions of a 
target surface according to claim 43, Wherein the target 
surface comprises a tooth. 
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47. Amethod of imparting mechanical forces onto a target 
surface, comprising the folloWing steps: 

generating a ?uid particle; 

placing the ?uid particle into an interaction Zone, the 
interaction Zone de?ning a volume of space adjacent to 
the target surface; 

introducing electromagnetic energy into the interaction 
Zone; 

exploding the ?uid particle to impart the mechanical 
forces onto the target surface. 

48. The method of imparting mechanical forces onto a 
target surface according to claim 47, Wherein the electro 
magnetic energy has a Wavelength Which is substantially 
absorbed by the ?uid particle, and 

Wherein a curvature of an outer surface of the ?uid 
particle focuses the electromagnetic energy into an 
inner portion of the ?uid particle to thereby cause an 
expansion of ?uid in the inner portion of the ?uid 
particle. 

49. An optical cutter for dental use, comprising: 

a housing having a loWer portion, an upper portion, and an 
interfacing portion; 

a ?rst ?ber optic tube for carrying laser energy through the 
housing to the upper portion of the housing; 

a ?rst abutting member ?tting around the ?rst ?ber optic 
tube at the upper portion of the housing; 

a second ?ber optic tube having a proximal end and a 
distal end; 

a second abutting member surrounding the second ?ber 
optic tube at the proximal end and contacting the 
interfacing portion of the housing; and 

a focusing optic positioned betWeen the ?rst abutting 
member and the second abutting member, the focusing 
optic focusing laser energy as the laser energy passes 
from the ?rst ?ber optic to the second ?ber optic to 
thereby reduce dissipation of laser energy betWeen the 
?st ?ber optic and the second ?ber optic. 

50. The optical cutter for dental use according to claim 49, 
further comprising a cap having an input portion and an 
output portion, the cap ?tting over the interfacing portion of 
the housing. 

51. The optical cutter for dental use according to claim 49, 
Wherein the distal end of the second ?beroptic tube com 
prises sapphire. 

52. The optical cutter for dental use according to claim 49, 
Wherein the ?rst ?beroptic tube comprises a trunk ?beroptic, 
Which comprises one of calcium ?uoride (CaF), calcium 
oxide (CaOZ), Zirconium oxide (ZrOZ), Zirconium ?uoride 
(ZrF), sapphire, holloW Waveguide, liquid core, TeX glass, 
quartZ silica, germanium sul?de, arsenic sul?de, and ger 
manium oxide (GeOZ). 


