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A hand-held apparatus is disclosed, where that hand-held
apparatus comprises a hand piece having an output end, a
switch disposed on that hand piece, wherein that switch
includes “on” position and an “off” position, and wherein a
laser beam is directed outwardly from the output end of the
hand piece when the switch is disposed in the “on” position.
In certain embodiments, a lasing device is disposed within
the hand piece. In other embodiments, a lasing device is
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device is interconnected with the hand piece by a fiber optic
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FIG. 1
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FIG. 2

PROPERTY (units) SYMBOL VALUE
DENSITY (g/cm®) ! 79
THERMAL CONDUCTIVITY (Wicm K) K 0.40
AVERAGE SPECIFIC HEAT (J/g K) C, 0.88
THERMAL DIFFUSIVITY (cm?/s) =k/( C) 0.058
LASER BEAM ABSORPTANCE (1064 nm) & 0.33
MELTING POINT (K) T, 1800
BOILING POINT (K) T, 3300
HEAT OF VAPORIZATION (J/g) H, 4700
MOLECULAR WEIGHT (g/mole) M 56
SURFACE TENSION OF THE LIQUID (dyne/cm) S 500
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FIG. 3
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FIG. 4
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FIG. 5A
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FIG. 5B
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FIG. 6
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FIG. 7
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FIG. 8
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FIG. 9
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FIG. 10
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FIG. 11
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HAND-HELD LASER CUTTING APPARATUS AND
METHOD USING SAME

FIELD OF THE INVENTION

[0001] The invention described and claimed herein relates
to a hand-held laser cutting apparatus, and method using that
apparatus.

BACKGROUND OF THE INVENTION

[0002] Dirilling holes was one of the first applications for
lasers and continues to be an important niche application in
industry. A typical example is the drilling of cooling holes in
jet engine turbine blades. Prior art laser devices used to form
holes in metallic substrates comprise large, non-portable
assemblies. In addition, prior art methods using such non-
portable laser devices generally include continuous opera-
tion at power levels exceeding 1000 Watts.

[0003] What is needed is a hand-held apparatus which
directs a laser beam onto a work surface. Such a device
could be used as a hand-held cutting tool, and/or as a
hand-held drill. Applicants’ invention comprises a hand-held
apparatus from which a laser beam can be directed onto a
work surface.

SUMMARY OF THE INVENTION

[0004] Applicants’ invention comprises a hand-held appa-
ratus for the purpose of cutting and/or drilling of materials
(in general, material removal), where that hand-held appa-
ratus comprises a hand piece having an output end, a switch
disposed on said hand piece, having an “on” position and an
“off”” position, wherein a laser beam is directed outwardly
from the output end of the hand piece when the switch is
disposed in the “on” position. In certain embodiments, a
lasing device is disposed within the hand piece. In other
embodiments, a lasing device is disposed external to the
hand piece, wherein that lasing device is interconnected with
the hand piece by a fiber optic cable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The invention will be better understood from a
reading of the following detailed description taken in con-
junction with the drawings in which like reference designa-
tors are used to designate like elements, and in which:

[0006] FIG. 1 graphically recites drill rates using a con-
ventional hand-held mechanical drilling apparatus;

[0007] FIG. 2 is a table reciting the thermophysical prop-
erties of C1018 steel;

[0008] FIG. 3 graphically depicts the temperature depen-
dence of thermal properties of C1018 steel;

[0009] FIG. 4 graphically depicts the calculated laser
energy required to drill a 0.5 inch diameter hole in C1018
steel;

[0010] FIG. 5A graphically depicts certain measured
parameters for a Spectra Physics TN-50 laser;

[0011] FIG. 5B graphically depicts certain measured
parameters for a Lumonics JK701H laser;

[0012] FIG. 6 graphically depicts pulse temporal profiles
for the JK701H laser;
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[0013] FIG. 7 graphically depicts Q* data derived from
short pulse laser cutting of C1018 steel;

[0014] FIG. 8 graphically depicts Q* data derived from
long pulse cutting of C1018 steel;

[0015] FIG. 9 graphically depicts Q* data derived from
long pulse cutting of C1018 steel using an air knife or an air
jet assist;

[0016] FIG. 10 graphically depicts volumetric removal
rates for long pulse laser cutting of various non-metallic
substrates;

[0017] FIG. 11 is a cross-sectional view of one embodi-
ment of Applicants’ hand-held laser cutting apparatus;

[0018] FIG. 12A is a block diagram showing a second
embodiment of Applicants’ hand-held laser cutting appara-
tus;

[0019] FIG. 12B is a side view showing the offset between
the laser beam contact point and the trepanned hole axis on
a work piece;

[0020] FIG. 13 is a cross-sectional view of one embodi-
ment of Applicants’ trepanning mechanism which includes
a trepanning head, a drive shaft, and a drive unit;

[0021] FIG. 14A is a side cross-sectional view of the
trepanning head of FIG. 13; and

[0022] FIG. 14B is a top cross-sectional view of the
trepanning head of FIG. 13.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] Applicants’ invention comprises a hand-held appa-
ratus from which a laser beam can be directed onto a work
surface to perform a variety of cutting operations, drilling
operations, material removal operations, machining opera-
tions, and the like (collectively “fabrication operations”).
This invention is described in preferred embodiments in the
following description with reference to the Figures, in which
like numbers represent the same or similar elements.

[0024] 1In order to determine the most effective modes of
operation for the lasing component of Applicants’ apparatus,
Applicants used a variety of laser devices to cut C1018 steel
coupons. The following description of Applicant’s apparatus
and method is not meant, however, to limit Applicant’s
invention to cutting or forming holes in either C1018 steel
or steel in general, as the invention herein can be use to
perform fabrication operations on a wide variety of substrate
materials.

[0025] As those skilled in the art will appreciate, drilling
holes in metallic substrates using a hand-held drilling appa-
ratus is both time-consuming and laborious. In that regard,
FIG. 1 graphically depicts data regarding the total drilling
time required to form holes of various diameters in C018
steel plate of various thicknesses using a conventional
hand-held, cordless drill. In this study, Applicants concluded
that drilling a 0.5 inch diameter hole in 0.375 inch thick steel
plate using a 0.50 inch diameter drill bit in combination with
a hand-held, cordless drill would require more than 500
seconds. Applicants further concluded that drilling a 0.5 inch
diameter hole in 0.375 inch thick steel plate using a 0.50
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inch diameter drill bit in combination with a hand-held,
corded drill would require more than 200 seconds.

[0026] FIG. 2 recites certain thermophysical properties of
C1018 steel. FIG. 3 graphically depicts certain thermal
properties of C1018 steel. Using the data of FIGS. 2 and 3,
Applicants determined that disposing a 0.50 inch diameter
hole in 0.375 inch thick steel in about 200 seconds requires
a laser beam having an average power in the range of 25-180
W, or 5-36 kl.

[0027] Laser drilling with a pulsed laser typically employs
a Nd:glass or Nd:Y AG gain medium with normal mode
operation (no g-switch), although any suitable laser type
may be used. The laser pulse energy may be in the 1-10 J
range with pulse width in the range 0of 0.2 to 2 ms. This leads
to peak powers of the order of 5-10 kW and peak irradiance
values of the order of 2-5 MW/cm? for a 0.5-mm diameter
beam spot on a surface.

[0028] The drilling mechanism for steel under these con-
ditions would include rapid establishment of a hot melt layer
on the surface followed by some evaporation of the melt.
The backpressure on the melt layer from the expanding
vapor pushes it out radially and ejects it from the hole. FIG.
4 graphically depicts Applicants’ calculations regarding the
laser beam energy required to drill a 0.5 mm diameter hole
in C1018 steel by trepanning.

[0029] The holes drilled by this method will leave some
resolidified melt (recast) around the hole and some heat-
affected zone in the metal. Longer pulses lead to thicker melt
layers and deeper heat-affected zones, however the longer
pulses are more energy efficient in drilling because less
energy is invested in the heat of vaporization. Shorter pulses
may be obtained with the same solid-state lasers by
g-switching the laser oscillator. Q-switched pulses have
pulse widths in the range of 10 to 300 ns depending on
g-switch type and laser operating parameters.

[0030] If the laser beam absorbance is about 0.33 (typical
for steel) and is constant over the temperature range of
interest, then the incident energy requirement can be calcu-
lated to be about 6 kJ/g of mass removed. Such an energy
level/unit of mass is sometimes referred to as the effective
heat of ablation or “effective heat of mass removal” and is
usually designated by the symbol Q*.

[0031] In order to determines actual values for the energy
required, Applicants utilized small coupons of the materials
of interest for their laser cutting tests. The primary material
of interest was C1018 steel. The testing was conducted with
C1018 steel coupons (1.5 inchx1.0 inchx0.375 inch). The
coupons were designed to have a mass less than 100 g so that
they could be weighed on a Mettler AE-100 microbalance
before and after each test to determine mass loss.

[0032] The thickness of the sample was set by the goal to
be able to cut through 0.375-inch steel using Applicants’
portable, hand-held apparatus. Secondary materials of inter-
est included ceramic tile, slate, cement, granite, brick, wall-
board, and wood. A limited number of coupons of these
materials were prepared with mass less than 100 g. These
materials were tested after the best laser parameters for
cutting steel were determined. Table I presents a listing of
the materials tested and densities determined by measure-
ments.
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TABLE 1

Materials used in cutting laser tests

Material Density

Code Material (g/em?)

ST CI018 Steel 7.86

CT Ceramic Tile 2.57

QC Cement (Quickrete) 1.94

GM Granite (multi-color) 2.59

N Slate (jade green) 2.53

TC Terra Cotta Tile (brick- 2.62

WP Wood (poplar) 0.51

WB Wall Board 0.61

[0033] In studying short pulse cutting times, Applicants

utilized a Spectra Physics Tornado TN-50 laser device. The
TN-50 is a diode-pumped Nd:YAG laser with an acousto-
optic g-switch. The diodes are run continuously and the
g-switch is operated at frequencies ranging from 1 to 50
kHz. The pulse width varies with pulse repetition rate as
shown in FIG. 5.A

[0034] As those skilled in the art will appreciate, many
solid-state lasers use neodymium (Nd) doped materials such
as Nd:YAG (Yttrium Aluminum Garnet which is Y;ALO,,),
Nd:YVO,, Nd:Glass, and others. These have a much lower
lasing threshold than ruby as well as other desirable physical
and optical properties. The strongest output wavelength of
neodymium doped lasers is around 1,064 nm-near-IR and
totally invisible. Many other laser types may be suitable for
handheld laser fabrication of materials, however, solid-state
lasers are generally favorable for their simplicity and com-
pactness. Solid-state lasing media might include a wide
variety rare-earth oxides doped in crystals, glass, ceramic,
and other hosts.

[0035] The data points recited in FIG. 5A were obtained in
calibration measurements using the TN-50. Average power
was measured with a Coherent Model 200 XI power meter
with a Field-Master GS readout. The pulse width was
measured with a Thorlabs DET 210 photo diode and a
Tektronix TDS320 oscilloscope. As the interval between
g-switch firings is reduced (increased pulse repetition rate),
there is less time to build a population inversion in the laser
crystal. This leads to lower energy per pulse and a slower
release of energy, although the average laser power remains
relatively constant. The net result is that peak power in a
pulse varies widely with pulse repetition rate. This is shown
in FIG. 5A by the curve with triangular symbols, which
graph the estimated peak irradiance on the steel surface
assuming a 0.4 mm spot diameter. At 5 kHz, the estimated
peak irradiance would be greater than 100 MW/cm?, which
is the estimated irradiance threshold for absorbing plasma
formation. Plasma formation would limit the effectiveness
of the laser beam at removing material.

[0036] An aluminum plate was placed behind the focal
plane where it scattered light to a photodiode receiver optics
package which transmitted light to the photodiode by fiber
optic to measure laser beam pulse width. Average power
readings were performed with the aluminum plate removed
so that the power meter could receive the beam. Laser
exposure of the steel coupons with the TN-50 laser beam
were accomplished by placing the coupon in a vice with the
face of the coupon at the focal plane of a 50-mm focal length
lens assembly.
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[0037] A nozzle was used to provide air flow for some of
the tests to blow the effluent plume out of the laser beam
path. The vice was mounted on translation stages that
provided linear scanning of the sample under the beam to
make a cut along a straight track line and provided lateral
motion for movement to different track locations on the
sample.

[0038] In studying long pulse cutting tests, Applicants
utilized a Lumonics JK701H laser fitted with a 1.0 mm core
multi-mode fiber for beam delivery. The fiber optic was
inserted in a standard collimator/focusing package which
provided a 0.5 mm diameter beam spot on the surface of the
coupons. The package employed a 160-mm focal length
collimator and an 80-mm focusing lens. The beam param-
eters for the laser are presented in FIG. 5B as determined
from initial factory calibration records. These values do not
account for losses in launching the beam into the fiber optic
or for losses in the beam delivery optical system. These
losses were determined by calibration measurements.

[0039] To calibrate pulse width and power for the
JK701H, a tilted aluminum plate scattered light into the
photo diode receiver for a pulse width measurement as in the
calibration of the TN-50. To measure power, the aluminum
plate was replaced by the Coherent Model 200 XI power
meter head.

[0040] Readings on the Model 200 power meter were
recorded simultaneously with readings obtained from the
laser internal power meter. For power levels over 200 W, an
Optical Engineering Power Puck P500 was used in place of
the Model 200. These measurements showed that the aver-
age power reaching a work surface was 0.826+0.002 times
the laser internal power meter reading. Power levels reported
are calculated values at the work surface. Temporal profiles
for the JK701H laser are presented in FIG. 6.

Short Pulse Steel Cutting Results

[0041] A series of partial penetration cuts in the C1018
steel coupons were made with the TN-50 laser by translating
the coupon under the focused beam at various translation
rates in the range of 1 to 10 mm/s. In the short pulse mode
(50-250 ns), the beam interaction with the steel is dominated
by vaporization, wherein the ablation wave moves into the
material faster than the thermal conduction wave. As a
result, there was very little melted material in the effluent
plume.

[0042] Referring now to FIG. 7, the data are presented in
terms of Q* (kJ/g), which is simply the energy in kJ required
to remove one gram of material. The energy was determined
from the laser power and run time, while the mass of
material removed in the cut was determined by measuring
the coupon mass before and after a test. The data show that
the best condition (lowest Q*) for cutting with this laser was
near 10 kHz pulse repetition rate. The pulse width for this
condition was about 60 ns and the peak irradiance was about
60 MW/cm?>.

[0043] Apparently, an absorbing plasma was formed in the
plume for the shorter pulse width at 5 kHz which had an
estimated peak irradiance of over 100 MW/cm?. This led to
the increase in Q* as pulse repetition rate was reduced to 5
kHz.
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Long Pulse Steel Cutting Results

[0044] Applicants conducted a series of laser exposures of
steel coupons with the JK701H laser using a linear scanning
approach similar to that used for short pulses. In the initial
tests, an air knife was positioned to deflect the molten
ejected steel from the laser interaction to minimize material
deposition on the lens protector plate positioned just under
the focusing lens. The air knife was effective in deflecting
slow moving ejecta.

[0045] The pulse widths used for these tests (0.5-4.0 ms)
were sufficiently long that the thermal conduction wave
moving into the material was not overtaken by the ablation
front and a melt dominated interaction resulted. The peak
irradiance in each pulse was typically only slightly greater
than the threshold for vaporization and ablation of the steel.
The backpressure from the vaporization was responsible for
pushing molten material out of the developing kerf. The air
knife played no role in material removal. Removal of
un-vaporized material led to more efficient cutting than seen
with short pulses. FIG. 8 graphically depicts Q* data for
steel cutting with pulses in the 0.5-4.0 ms range.

[0046] In Applicants’ long pulse cutting study, the pulse
repetition rate was held constant at 30 Hz and the pulse
width increased with increasing average power. The scan
rate was varied from 1 to 10 mm/s and the number of passes
on one track was varied correspondingly to provide approxi-
mately the same total cutting time for each scan rate. Except
for one data point, the Q* values were found to be fairly low
compared to the short pulse values and relatively insensitive
to scan rate at the higher average power levels. The higher
Q* values at high average power were believed to result
from the lower peak irradiance which was very near the
threshold value for vaporization.

[0047] Applicants conducted a series of tests with constant
laser conditions and variation of the number of cutting
passes per track. In this way, the efficiency of laser cutting
could be studied as the kerf develops. FIG. 9 graphically
depicts Q* data as a function of the number of passes on a
given cutting track. The triangle and circle symbols present
the Q* data for 2-ms and 1-ms pulses, respectively, with the
air knife processing geometry. The 1-ms pulse provides the
most efficient cutting for this setup with up to seven passes
with Q¥ staying less than 20 kJ/g

[0048] In certain cutting tests, a high speed air jet was
arranged to assist in removal of molten material from the
kerf. The Q* values for tests employing the air jet assist are
also presented in FIG. 9 by the curve comprising the square
symbols. The lowest measured value for Q* in steel of 8 kl/g
was observed in the tests with the air jet assist. As the pass
number increased, Q* increased due to kerf side wall loses
and peak irradiance reduction as the interaction surface
receded into the material.

[0049] Applicants also conducted cutting studies using
non-metallic material coupons.

[0050] Typically, ten passes on one cutting track were
made unless the material penetrated rapidly. Applicants’
utilized a 1.0-ms pulse width, 30 Hertz, 174 W average
power level.

[0051] FIG. 10 graphically depicts the data obtained in
Applicants’ non-metallic coupon study. The volumetric
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removal rate was determined by taking the reciprocal of the
density times the measured Q* value in appropriate units.
For comparison, a typical steel value was 10.5 mm?>/kJ for
10 passes.

[0052] Referring to FIG. 10, ceramic tile (CT-1) had a
slightly better rate than steel for one pass, but the removal
rate dropped off rapidly for the ten pass case. For the
Quickrete cement sample (QC-1), the volumetric removal
rate was quite high but varied with pass number, probably
because of the decrease in irradiance as the kerf deepened.
Even with this effect, the 10 pass average removal rate for
cement was more than seven times that of steel. In tests with
granite (GM-1), the removal rate was less than that for steel.
Since concrete is typically a combination of cement and
rocks, the removal rate for concrete is a function of the
fraction of rock material encountered in the specific cut area.

[0053] Two other tile materials, slate (SJ-1) and a brick-
like terra cotta (TC-1), were cut with the laser and these
materials exhibited removal rates similar to steel. The high-
est removal rate was obtained when cutting poplar wood
(WP-1), however considerable smoke was generated and the
kerf exhibited side wall charring. Wallboard (WB-1) was
also cut relatively easily, but without smoke generation and
side wall charring

[0054] Based upon the studies recited above, Applicants
have discovered that long pulse lasers with pulse widths in
the 0.5-4.0 ms range efficiently cut C1018 steel with rela-
tively low average power (100-300 W) compared to that
normally used for cutting steel with continuous lasers
(>1000 W). Moreover, the best cutting efficiency for C1018
steel was obtained with 1.0-ms pulses delivered at 30 Hz
(174 W average power) while using a cross flow air jet
directed into the kerf to blow the molten material out of the
kerf. The scan speed was 10 mm/s. The Q* for the average
of the first five passes was 8 kl/g (15.6 mm>/kJ) and for 20
passes was 19 kJ/g (6.7 mm?>/k]). The increase in Q* with
kerf depth was believed to be dominated by the effects of the
large beam cone angle, which can be overcome by higher
beam quality and better optics. In addition, cutting tests on
non-metallic construction materials demonstrated that the
laser parameters that work well for cutting steel also will
produce good cuts in most other materials.

[0055] FIG. 11 illustrates one embodiment of Applicants’
hand-held laser cutting apparatus. Referring now to FIG. 11,
apparatus 1100 comprises lasing device 1110, power supply
and control electronics module 1120, trigger/switch 1130,
opto-mechanical trepanning mechanism 1140, aiming
device 1150, cover glass 1160, gas/air nozzle 1170, internal
gas/air hose 1180, and external conduit 1190 comprising
electrical cable 1192 and gas/air hose 1194.

[0056] Opto-mechanical trepanning mechanism 1140 is
rotatable disposed within output end 1102 of apparatus 1100.
Trepanning mechanism 1140 is further illustrated in FIGS.
13 and 14, and is further described hereinbelow.

[0057] Aiming device 1150 comprises a visible light emit-
ting device 1152 which directs a visible, aiming light onto
reflector device 1154. In certain embodiments, visible light
emitting device 1152 comprises a low power laser. In other
embodiments, visible light emitting device 1152 comprises
one or more light emitting diodes. Reflector 1152 directs that
aiming light 1156 through trepanning mechanism 1140, and
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outwardly from end 1102 of apparatus 1100 along the
trepanned hole axis 1260 (FIGS. 12B, 14A).

[0058] Trigger/switch 1130 comprises a first position and
a second position. Trigger/switch 1130 is interconnected
with power supply/control module 1120 such that when
trigger/switch 1130 is placed in a first position no power is
provided by module 1120 to lasing device 1110, and such
that when trigger/switch 1130 is placed in a second position
power is provided by module 1120 to lasing device 1110. In
certain embodiments of apparatus 1100, when trigger/switch
1130 is placed in the second position, power is provided by
module 1120 to both lasing device 1110 and visible light
emitter 1152. In certain embodiments of apparatus 1100,
when trigger/switch 1130 is placed in the second position,
power is provided by module 1120 to lasing device 1110,
visible light emitter 1152, and to trepanning mechanism
1140.

[0059] In certain embodiments, when trigger 1130 is not
depressed, power is not provided by module 1120 to lasing
device 1110, and when trigger 1130 is depressed, power is
provided by module 1120 to lasing device 1110. In certain
embodiments, when trigger 1130 is depressed, power is
provided by module 1120 to both lasing device 1110 and
visible light emitter 1152. In certain embodiments of appa-
ratus 1100, when trigger is depressed, power is provided by
module 1120, to lasing device 1110, to visible light emitter
1152, and to trepanning mechanism 1140.

[0060] Lasing device 1110 produces a laser beam which is
directed through trepanning mechanism 1140, through cover
lass 1170, and outwardly from apparatus 1100. In certain
embodiments, lasing device 1110 comprises a Nd: YAG laser
device or other suitable solid-state laser. In certain embodi-
ments, lasing device 1110 is capable of operating at a
maximum average power of up to about 550 Watts, with a
pulse width of between 0.5 to about 15 ms, at a repetition
rate of between 5 to about 200 Hertz, to deliver pulsed
energy of between 2.2 to about 65 Joules. In certain embodi-
ments, lasing device 1110 operates at 1.0 ms pulses deliv-
ered at 30 Hz with about 174 W average power. In other
embodiments, lasing device 1110 operates at 1.0 ms pulses
delivered at 30 Hz with about 300 W average power. In still
other embodiments, lasing device 1110 operates at 1.0 ms
pulses delivered at 30 Hz with about 1800 W average power.

[0061] Applicants’ apparatus 1100 comprises a cutting
instrument. In certain embodiments, apparatus 1100 oper-
ates to cut a circle in a substrate thereby simulating a
conventional mechanical hand drill. In these embodiments,
when switch/trigger 1130 is placed in the second position,
module 1120 provides power and control signals to lasing
device 1110, and module 1120 further provides power to
trepanning mechanism 1140.

[0062] In other embodiments, apparatus 1100 is operated
in a linear fashion similar to a jig saw, to cut straight lines,
curves, or sharp corners. In these embodiments, the emitted
laser beam 1250 (FIGS. 12B, 14A, 14B) does not trepan to
make a circular “hole” type cut. In certain of these linear
cutting embodiments, the speed of the cut is manually
controlled.

[0063] In other of these linear cutting embodiments, the
power of the laser is controlled to match the speed of the cut.
In certain embodiments, apparatus 1100 further comprises



US 2007/0010069 Al

velocity sensor 1104, which measures the drill’s speed
relative to the work piece being cut. In certain embodiments,
module 1120 is interconnected with the velocity sensor
1104, and further comprises a feedback loop to provide laser
power feedback control for the purpose of yielding a uni-
form cut. In certain embodiments, apparatus 1100 further
comprises visual display device 1106 which provides visual
feedback to the user—to aid that user in controlling the
travel speed of apparatus 1100.

[0064] In certain embodiments, sensor 1104 comprises a
mechanical interface to the work piece. In other embodi-
ments, sensor 1104 detects the reflected aiming light 1156
produced by visible light emitting device 1152 and reflected
off the work piece. In other embodiments, sensor 1104
detects the YAG light, and uses the cutting laser for speed
feedback.

[0065] FIG. 12A shows apparatus 1200 wherein a laser
beam generating means 1220 is located external to hand
piece 1210, and wherein the laser beam is transmitted to the
hand piece 1210 via a fiber optic cable 1270. In certain
embodiments, cable 1270 comprises laser generating means
1220, wherein the fiber optic is doped with an active lasing
species pumped by diode lasers (fiber laser) thereby gener-
ating the laser beam within the transmission fiber.

[0066] In either case, the laser beam is delivered to the
hand piece 1210 by cable 1270. In the illustrated embodi-
ment of FIG. 12A, cable 1270 also provides gas, electrical
control signals, and (optionally) electrical power for driving
the trepanning head. Apparatus 1200 further comprises
assembly 1240 which maintains the hand piece axis on the
trepan hole axis while drilling using apparatus 1200.

[0067] The laser beam generated by laser beam generator
1220, and transmitted to headpiece 1210 by cable 1270 is
provided to trepanning mechanism 1140. The laser beam is
directed outwardly from trepanning mechanism 1140,
through assembly 1240, and onto work surface 1290.

[0068] In the illustrated embodiment of FIG. 12A, assem-
bly 1240 comprises an inner cylinder 1242 extending out-
wardly from trepanning mechanism 1140, and outer cylinder
1244 extending outwardly from inner cylinder 1242. In the
illustrated embodiment of FIG. 12A, inner cylinder 1242
extends into the proximal end 1246 of outer cylinder 1244.
In certain embodiments, the distal end of inner cylinder 1242
is slidably disposed within the proximal portion of outer
cylinder 1244.

[0069] Distal end 1248 of outer cylinder 1240 rests on
work piece 1290, and is held steady by spring loading and
friction with the surface. The inner cylinder allows the hand
piece to advance inwardly as the hole progresses. In certain
embodiments, this advance is controlled by operator pres-
sure on inner cylinder 1242 which is spring loaded against
the outer cylinder 1244. In other embodiments, inner cyl-
inder 1242 and hand piece 1210 are moved relative to outer
cylinder 1244 in response to sensor feedback information on
hole depth. Both inner cylinder 1242 and outer cylinder
1244 are formed to include a large fraction of open area to
allow gas flow and debris to escape.

[0070] FIG. 12B illustrates that the emitted laser beam
1250 contacts work piece 1290 at contact point 1294.
Contact point 1294 is offset from trepanned hole axis 1292.
As described hereinbelow, trepanning mechanism 1240
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translates the incoming laser beam from axis 1260 to a
parallel axis. The distance 1296 (FIGS. 12B, 14A) between
trepanned hole axis 1292 and contact point 1294 corre-
sponds to the radius of the hole being formed.

[0071] FIG. 13 illustrates one embodiment for transmit-
ting to the trepanning mechanism 1140 (FIGS. 11, 12A) the
laser beam generated in device 1220 (FIG. 12A), and
transmitted to hand piece 1210 (FIG. 12A) by cable 1270
(FIG.12A). Referring now to FIG. 13, fiber optic cable 1310
transmits the laser beam 1330 from external cable 1270 to
fiber optic collimator 1320. Fiber optic collimator 1320 is
aligned with the axis of the trepanning head 1360, and
transmits a collimated beam down axis 1260. Trepanning
head 1360 is rotated by hollow shaft 1350 which is driven
by mechanism 1340. In certain embodiments, drive mecha-
nism 1340 comprises an electric motor armature. In other
embodiments, drive mechanism 1340 comprises a turbine
driven by gas flow.

[0072] FIGS. 14A and 14B show a side view and a top
view, respectively, of one embodiment of Applicants’
trepanning head 1360. Referring now to FIG. 14A, laser
beam 1410 passes through hollow shaft 1350 into trepanning
head 1360, that laser beam being aligned with trepanning
axis 1260 (FIG. 12B). Laser beam 1410 is translated to a
parallel position off axis 1260 such that the axis of the
translated beam is located a distance 1296 from axis 1260,
where that distance 1296 corresponds to the desired drill-
hole radius as shown.

[0073] In the illustrated embodiment of FIG. 14A, the
translation of incoming beam 1410 is performed by a pair of
mirrors 1440 and 1450. In these embodiments, incoming
beam 1410 on a first axis is directed onto mirror 1440,
reflected from mirror 1440 onto mirror 1450; and directed
from mirror 1450 on a second axis, where the first axis
differs from the second axis.

[0074] In other embodiments, this translation of incoming
beam 1410 is performed with a prism, or a pair of prisms.
The translated beam is then focused with lens 1460 to a
waist at contact point 1294 on the work surface 1290. The
distance 1296 between the contact point 1294 and trepan-
ning axis 1260 corresponds to the radius of the hole being
cut.

[0075] Referring now to FIGS. 14A and 14B, for the most
effective removal of material 1490 from the kerf, a gas jet
1480 is directed at the contact point 1294 in a circumfer-
ential direction as trepanning head 1360 rotates. In certain
embodiments, Applicants’ hollow shaft 1350 comprises gas
inlet conduit 1420 which communicates with gas plenum
1430. Gas conduit 1470 communicates with gas plenum
1430 and extends outwardly therefrom toward work surface
1290. Conduit 1470 comprises nozzle 1472 at its distal end.
Gas 1480 is released from nozzle 1472 and clears material
1490 from the kerf as that kerf is formed. Applicants’ have
found that such a rotating gas nozzle is particularly useful
for efficient steel drilling where the molten steel must be
blown out of the kerf as it is melted by the laser beam.

[0076] As those skilled in the art will appreciate, in order
to provide gas jet 1480, a gas source is provided, where that
gas source provides to one or more gasses from the gas
source to nozzle 1170 (FIG. 11)/1472 (FIGS. 14A, 14B) via
external gas conduit 1194 (FIG. 11)/1270 (FIG. 12), internal
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gas conduit 1180 (FIG. 11), and optionally gas plenum 1430
(FIG. 14A). By “gas,” Applicants mean a non-flammable
gaseous composition. In certain embodiments, that gaseous
composition comprises compressed air, helium, nitrogen,
argon, xenon, oxygen, and combinations thereof.

[0077] While the preferred embodiments of the present
invention have been illustrated in detail, it should be appar-
ent that modifications and adaptations to those embodiments
may occur to one skilled in the art without departing from
the scope of the present invention as set forth in the
following claims.

We claim:
1. A hand-held apparatus for material fabrication, com-
prising:

a hand piece having an output end;

a switch disposed on said hand piece, having an on
position and an off position;

wherein a laser beam is directed outwardly from said
output end of said hand piece when said switch is
disposed in said on position.

2. The apparatus of claim 1, further comprising:

a lasing device external to said hand piece; and

a fiber optic cable interconnecting said external lasing
device and said hand piece, wherein said lasing device
produces a laser beam, and wherein said fiber optic
cable transmits said laser beam to said hand piece.

3. The apparatus of claim 2, wherein said fiber optic
comprises an active lasing medium pumped by said external
lasing device.

4. The apparatus of claim 1, further comprising a lasing
device disposed within said hand piece.

5. The apparatus of claim 4, wherein said lasing device
comprises a rare-earth ion doped solid-state laser

6. The apparatus of claim 5, wherein said rare-earth
ion-doped solid state laser comprises a Nd:YAG laser.

7. The apparatus of claim 6, wherein said Nd:YAG laser
is capable of operating at pulse widths in the 0.5-4.0 ms
range at an average power levels of 100 to 300 Watts.

8. The apparatus of claim 7, wherein said Nd:YAG laser
is capable of operating at about 1-ms pulses at an average
power level of about 174 Watts.

9. The apparatus of claim 5, further comprising:

a power supply disposed within said hand piece and

interconnected to said lasing device.

10. The apparatus of claim 1, further comprising a trepan-
ning mechanism rotatably disposed within said hand piece,
wherein said trepanning mechanism is disposed between
said lasing device and said output end, wherein said laser
beam enters said trepanning mechanism on a first axis and
is directly outwardly from said trepanning mechanism on a
second axis.

11. The apparatus of claim 10, wherein said first axis is
parallel to said second axis.

12. The apparatus of claim 10, wherein said trepanning
mechanism comprises a trepanning head, a drive mecha-
nism, and a hollow shaft interconnecting said trepanning
head and said drive mechanism.

13. The apparatus of claim 12, wherein said trepanning
head comprises a first mirror and a second mirror.
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14. The apparatus of claim 12, wherein said trepanning
head comprises a prism.

15. The apparatus of claim 12, wherein said trepanning
head comprises a lens.

16. The apparatus of claim 12, further comprising:
a gas plenum disposed within said trepanning head;

a gas conduit in communication with said gas plenum and
extending outwardly from said output end, wherein the
distal end of said gas conduit comprises a nozzle.

17. A method to form an aperture in a substrate, compris-
ing the steps of:

supplying a lasing device capable of generating a laser
beam, a hand piece having an output end, a switch
having an on position and an off position, wherein said
laser beam is directed outwardly from said output end
of said hand piece when said switch is disposed in said
on position;

supplying a substrate;
generating a laser beam using said lasing device;
contacting said substrate with said laser beam;

ablating the portion of said substrate in contact with said
laser beam:;

moving said laser beam in a circumferential path to define

said aperture.

18. The method of claim 17, wherein said supplying step
comprises supplying a hand-held apparatus wherein said
lasing device is disposed within said hand piece.

19. The method of claim 18, wherein said ablating step
further comprises ablating the portion of said substrate in
contact with said laser beam with a heat of ablation Q* less
than or equal to 20 kl/g.

20. The method of claim 18, wherein:

said supplying a hand-held cutting apparatus step further
comprises supplying a hand-held cutting apparatus
comprising a trepanning mechanism disposed within
said hand piece, wherein said trepanning mechanism is
disposed between said lasing device and said output
end, wherein said laser beam enters said trepanning
mechanism on a first axis and is directly outwardly
from said trepanning mechanism on a second axis;

said moving said laser beam step comprises rotating said

trepanning mechanism to define said aperture.

21. The method of claim 20, wherein said supplying a
hand-held cutting apparatus comprising a trepanning mecha-
nism step further comprises supplying a trepanning mecha-
nism comprising a first mirror, a second mirror, and a lens,
further comprising the steps of:

directing said laser beam on said first axis onto said first
mirror;

reflecting said laser beam from said first mirror onto said
second mirror; and

directing said laser beam from said second mirror on said
second axis.
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22. The method of claim 21, wherein said supplying a
trepanning mechanism further comprises supplying a
trepanning mechanism comprising a lens, wherein said
directing said laser beam from said second mirror step
further comprises directing said laser beam from said second
mirror on said second axis to said mirror, said method
further comprising the step of focusing said laser beam.

23. The method of claim 18, wherein said supplying a
hand-held cutting apparatus further comprises supplying a
hand-held cutting apparatus comprising a gas plenum, and a
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gas conduit in communication with said gas plenum,
wherein said gas conduit comprises a nozzle at the distal
end, further comprising the steps of:

supplying a gas source;
interconnecting said gas source to said gas plenum; and

directing a stream of gas from said nozzle onto said
contact point.



