wO 2007/096462 A1 |10 0 000 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f 11”11

52 IO O 0 O O

International Bureau

(43) International Publication Date
30 August 2007 (30.08.2007)

(10) International Publication Number

WO 2007/096462 Al

(51) International Patent Classification:

B23K 26/36 (2006.01) B23K 26/06 (2006.01)
(21) International Application Number:
PCT/FI2007/000047

(22) International Filing Date:
23 February 2007 (23.02.2007)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
20060182 23 February 2006 (23.02.2006) FI
20061165 29 December 2006 (29.12.2006) FI

(71) Applicant (for all designated States except US): PI-
CODEON LTD OY [FI/FI]; Bulevardi 2a, FI-00120
Helsinki (FI).

(72) Inventors; and

(75) Inventors/Applicants (for US only): RUUTTU,
Jari [FI/FI]; Billstensvdgen 1, FI-10330 Billnds (FD).
LAPPALAINEN, Reijo [FI/FI]; Happosenahontie 24,

(74)

(81)

(34)

FI-70870 Hiltulanlahti (FI). MYLLYMAKI, Vesa [FI/FI];
Vatakuja 1 A 9, FI-00200 Helsinki (FI). PULLI, Lasse
[FI/FI]; Kaskenpolttajantie 6 A, FI-00670 Helsinki (FI).
MAKITALO, Juha [FI/FI]; Laxtorpintie 165, FI-10600
Tammisaari (FI).

Agent: BERGGREN OY AB; P.O. Box 16 (annankatu 42
), FI-00101 Helsinki (FI).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

[Continued on next page]

(54) Title: A COLD-WORK METHOD

high quality
plasma

Carved and Coated
Carved or
Coated and Carved

> Coated

Product Related Aspects, PRA

Military A product |
according to inner surface
PRA
]
intermediate outer surface
surace
Woear resistant part [« A product of PRA Decorative
Weapon 2 Tool
Medical
Means of Sports l ‘ Element
Mechanical part
Electronics L Necessity
Vehicle
Optics Chemical

(57) Abstract: The invention relates to an ablation based
cold work method, so that the method comprises ablating,
along a predefined ablation path on an ablation target sur-
face, to a predefined ablation depth by laser radiation hav-
ing at least one characteristic wavelength and at least one
pulse characteristic for each wavelength for the radiation to
be used for ablation of said ablation target material, wherein
the radiation from the source is directable via an optical path
onto the working spot on said ablation target via a turbine
scanner. The invention also relates to an ablation based cold
work arrangement, so that the arrangement comprises a laser
radiation source to provide the laser radiation be used in the
ablation, and at least one turbine scanner arranged into the
optical path arranged to lead laser radiation from said laser
radiation source to the hit spot of the ablation target at the
ablation path location. Such an arrangement can be used in
manufacturing technology in automated systems, but also in
weapon technology.
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A Cold-work Method

The invention relates to material science related laser technology via the ablation
in general, but in more specified way as expressed in the preamble part of an in-
dependent method claim. The invention relates also to an ablation based ar-
rangement as expressed in the preamble part of an independent claim on ar-
rangement. The invention relates also to a weapon as expressed in the preamble
part of an independent claim on weapon. The invention relates also to an explo-
sive disarmament device as expressed in the preamble part of an independent
claim thereon.

Fibre iasers and/or the comprising fibres therein for guiding the laser beam have
not been able to deal with high powered compressed laser pulses in their delivery
to the working area. In general, the fibres do not tolerate transfer of high power
pulses. Reasons why to use fibres for the transference of the laser radiation, seem
to relate to the problems that occur in situation in which free radiation paths were
used but the path direction changes are made by deflection and/or mirroring. Such
free paths can be even more difficult to be implemented with sufficient precision,
but they can also be dangerous, especially if used in industrial scale, however, not
to mention the problems that may be related to the distances and the radiation ge-
ometry degeneration as well as the intensity problems via the absorp-
tion/scattering from the air borne particles and/or other constituents, for instance.

Fully fibrous semiconductor lasers of diode-pumped type compete nowadays with
lasers that are lamp-pumped and having the laser beam first conducted into the fi-
bre and further on to the target. At the priority date of the current application ac-
cording to the knowledge of the writer, such fibrous laser based systems are only
way to make laser ablation related industrially remarkable production.

The commercially available fibres reduce the radiation power that could have been
conducted through them and thus also limit the target materials to be ablated. Al
can be ablated as such with reasonable pulse power, whereas higher pulse power
is needed for such substances as Cu, W, etc. for getting them ablated.

Fibrous laser-related technology suffers also from other problems. For example,
fibres can not be used to transfer high amounts of energy in short time scale with-
out degrading effects of the fibre. Such effects as melting, fragmentation and/or
other deformations in the fibre structure due to the energy of the light, for instance,
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lead consequentially to the degeneration of the grade of the laser light pulse while
directed through a path via a fibre that is suffering degrading effects. Even pulse
energy of 10 pJ can degrade a fibre that has even smallest structural or qualitative
defects. Special points for defects in a fibrous optical path are the fibre connectors
for instance, that are used to connect together several power sources such as di-
ode-pumps, but the connectors are worn out during their stay in duty.

If an arbitrary pulse with constant energy is considered, the pulse energy that can
pass a fibre can be kept reasonable if the power of a single pulse increases, while
the pulse duration is shortened in a corresponding way. These problems with the
high energy and/or powers can be met even within nanosecond lasers.

An important application for fibrous lasers is laser ablation. In laser ablation it is
important to provide as large pulse power and pulse energy as possible, but opti-
mized. If a situation were considered in which the pulse duration is 15 ps and the
pulse energy 5 pJ and the total power of the laser equipment is 100 W, the pulse
power level were somewhat between 300 000 and 400 000 W (300-400 kw). At
the priority date of the current application the writer does not know any commer-
cially available such fibre that would tolerate even 200 kW with pulse duration of
15 ps for a fibre penetrating non-deforming laser pulse so that the pulse were pre-
serving the shape.

The problems of the fibrous lasers are not limited only to the fibres, but also to the
connecting of separate diode pumps together via optical connectors for achieving
the desired total power for the beam, to be directed to the working target via one
fibre.

The applicable optical connectors should also tolerate the power levels and/or en-
ergy of a pulsed radiation as much as the optical fibre itself that is used to direct
the high power pulse to the working target. In addition, the pulse shape should be
preserved at the optimum in each transferring phase of the pulse to the hit spot on
the working target. Even the prices of the optical connectors that tolerate the pow-
ers in the above mentioned example are very high, although the expensive manu-
facturing process can not guarantee for sure the operational safety even to a fair
level. Additionally, those connectors are worn out little by little causing variation to
the system drifting of from the initial conditions in question and thus possibly drift-
ing the product quality in long term as well, but cause aiso expenses in the main-
tenance. ‘
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The laser beams, generated by their sources and/or directed for utilisation via fi-
bres in the optical path according to the known techniques, at the priority date of
the current application, suffer power and quality related problems that limit the ap-
plications of the devices to the ablation. Such problems can relate to scanning of
the beam by scanners that have to be used at a limited repetition frequency, but
without a facility to raise the frequency to such a level that industrial mass produc-
tion were realizable for good and uniformly qualified products. Such scanners ac-
cording to the state of the art can also suffer from the losses further caused by the
optical windows that are to be used in the inserting of the beam via an optical path
from outside of the chamber in which the working target is held for the ablation du-
ration in under pressure conditions, for instance.

At the priority date of the current application, according to the knowledge of the
applicant, the effective power of known devices in ablation remain in the order of
10 W. Thus, for instance, the repetition rate can limit to bare 4 MHz of a pulse fre-
quency of a pulsed laser. If the pulse frequency were tried io be increased, the
state of the art solutions for scanners suffer from uncontrolled directing of the
beam to the walls of the laser equipment, but also directing of the beam into the
plume of the already ablated material in plasma phase. Such problems have an
adverse net effect on to the surface that were under manufacturing by the ablated
material, by the beam directed by using such a scanner, but also adverse effects
to the production rate, which effects are constituted by the uncontrollable radiation
flux variations at the hit spot on the target. The quality of the plasma may be inap-
propriately applicable for the tolerances of a certain product to be manufactured,
i.e. with the reasonable surface structure quality in question.

Consequently the working methods according to the state of the art may suffer de-
grading of the cutting power and/or the quality of the product being the object
whose surface was targeted in the process. Also fragments are probable to be
ejected from the hit spot on the target surface under the working methods accord-
ing to the state of the art. Such fragments can deposit on to the surrounding sur-
faces in an unpredictable way and so degrading the resulting product. The state of
the art techniques demands also time, especially if there are several surfaces
and/or layers to be coated, but the quality of the layers may vary in a non-desired
way. Especially, before the priority date of the priority application for this docu-
ment, the writer did not know commercially available methods to manufacture suf-
ficiently strong and substantial pieces for 3D-objects printing and/or copies.
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At the spoken priority date, the writer knows that the scanning speeds of the state
of the art scanners are of about 3 m/s, and the speed can vary during the scan, so
being not a constant. This is a consequence of the known scanner structures of
the type that stop for a while the scanner mirror turns backwards after a single
scan to make another scan. It is also known that during the backward movement
the scanner makes a second scan similarly as the first one. Also back and forth
moving mirrors of plate type are known per se, but they suffer the same problem of
unequal movement and thus the unequal scanning speed during the scan. Such
an ablation techniques has been shown in patent publications US 6,372,103 and
US 6,063,455. The scanning part of the scanner accelerates, decelerates, stops
etc, consequently causes that the scanning speed is not constant, inducing also
that the yield of the plasma, due to the ablation at the hit spot on the working tar-
get, varies. Especially at the ends of the scanning path on the target, the variation
related adverse effects of the plasma production are highlighted so also degrading
the product. As a general rule in a general level, the higher pulse energy and the
number of pulses per time unit, the grater the expectance of an adverse effect to
be encountered.

In a successful ablation event the material vaporizes to atomic domain particles.
But in an interference event occurring, the target material can be ejecting frag-
ments that can have size of several micro meters, and thus degrade the surfaces
on the target in question, to be worked, cut and/or to be coated with the plume ma-
terial.

The increased pulse frequency as such is not a solution, because the speeds of
the scanners according to the state of the art are inappropriately low. The increase
of the pulse frequency and thus the related high power levels of the pulses that are
more frequently loading of the mirror of the scanner, so that the high power levels
could melt/burn the existing known mirrors, if the beam were not expanded before
the entry of the beam on to the scanner. Thus, the state of the art techniques need
a separate lens assembly between the scanner and the target to focus the beam
to the hit spot, contributing to absorption of the beam in wrong place.

According to the operational reasons in the state of art scanners, they are light
weighted, which means also low mass and thus low capability to bal-
ance/equilibrate the absorbed energy from the laser pulses. Thus the melt-
ing/burning sensitivity may be increased for the state of the art scanners.
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The scanning width of a state of the art scanners may be a problem. The line wise
scanning method used with the mirror-film scanners can contribute to the nominal
scanning width of 70 mm, for example, but in practice the scanning width can re-
duce to 30 mm at the target, with unequal ends of the scanning path, and/or differ-
ent from the parts between the ends. Such small effective scanning widths can
cause serious incompatibility problems in such cases that large, widely sized ob-
jects are to be worked and/or coated. The problems may even to make industrial
scale production if not totally imipossible, quite hard and/or unremunerative.

Figure 1 illustrates a problem related situation according to the state of the art. The
laser beam appears to be out of the focus in the Figure 1. The plasma generated
has a low quality. The plasma can comprise fragments 116 from the target. The
target and/or the vapours can degenerate even to useless level of quality. Such a
typical problematic situation of the state of the art techniques can be occurring with
a too thick target 114. In order to keep the focus intact in optimum, the target 114
should be moved towards the direction 117, z-movement, from which the laser
beam 111 is coming as much as the target is used in ablation by ablating the lay-
ers 111, 112 and 113. Unsolved remaining is the problem that relates to the
changed or potentially changed structure and/or composition on the surface of the
target, totally or locally, as the' change being the stronger the more material from
the target 114 has been vaporized, although the target 114 were returned to the
focus. Special problems are met with the state of the art techniques, if the target is
a composition or a compound of substances, as to be mentioned as an example of
an easy to understand example on the problem.

The variations of the focus, in the state of the art techniques occurring in the mid-
die of the ablation event, induce immediately a change in the plasma quality. The
energy density of the pulse at the surface of the target material diminishes (nor-
mally), so the vaporization/plasma generation may be not any more ideal/perfect in
the circumstances. As a consequence, the plasma energy may remain in low level,
and unnecessary large number of fragments may be met, and the surface mor-
phology may be changed, the adhesive properties and/or the thickness of the
coating, if applied, can also be changed.

Such a problem has been tried to get mitigated by a focus control. When the state
of the art related apparatus have small repetition frequency, for instance, such as
below 200 kHz and the scanning speed below 3 m/s, the rate of change in inten-
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sity of the plasma is small thus leaving time for the apparatus to react to the
plasma intensity change by adjusting the focus. So called real-time plasma inten-
sity observing system can be used when a) the surface quality and/or the smooth-
ness are not so critical measures of quality, b) the scanning speed is low, order of
3 m/s.

In such a case the state of the art solutions cannot produce high quality plasma at
the priority date of the priority application of the current document, and thus many
high quality coated surfaces are not manufacturable according to the state of the
art technology.

The state of the art systems can have complicated control systems that are fo be
used as a must. In the methods in the known processes the target appears as a
thick rod or plate. The lens for focusing may be implemented as a zoom lens as
applied, or the target is moved towards the beam in the rate of the target material
utilisation. Even the implementation attempt, may be very difficult if not entirely im-
possible, for a reliable apparatus to be used for the industrial scale production.
The quality variation may be great, leading to unbearable burden to the quality
control out of the scope of implementation with sufficient precision. Thick targets
are also expensive to be manufactured etc.

As the publication US 6,372,103 B1 shows the state of the art technology is able
to direct laser pulses to the target only by mainly S-polarized or optionally mainly
P-polarized or as circularly polarized light, but not as randomly polarized.

In material science, a branch of which relating to laser technology, ablation has
been known as such as a technique of removing material from a phase of the tar-
get material to plasma phase. It is known as such that such a phase transition can
be made to occur by intensive laser radiation onto the target piece. Also some va-
pour from the target material can be released in the process in certain conditions.

Conventional laser ablation utilizes long pulsed lasers for the ablation, which is
more or less a consequence of raising the temperature of the ablatable part of the
target and to remove the material at that spot away. However, although the pulse
power is very often limited by the optical path material that is used to direct the la-
ser pulse onto the target and its hit spot where the pulse energy is used for heat-
ing the material at the hit spot to vaporize the material therein, long pulses can
cause very often extensive heat transfer from the hit spot to the surrounding struc-
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tures and thus can cause stress, melting and/or other unwanted effects to the lo-
cations of the structure-units. Stresses can dismiss by a mechanism in which the
forces can enable fragmentation of the target at the hit spot, tore the material into
lumps and/or pieces to be ejec'ted around the hit spot environment, which effect is
quite often a non-wanted co-effect of the long pulsed lasers.

Considering what is a long pulse and what is a short pulse can depend on the
thermal heat transfer mechanism occurrence timescale in the material structure of
the target. When the radiation pulse hits the hit spot of the target, the pulse energy
of a long pulse finds time to be delivered into the surrounding target structure in
the time scale of the heat transfer mechanism of the material structure, but a short
pulse does not significantly in said time scale. Thus, short pulse duration lasers
can be regarded as cold work lasers, as the heat is not transferred, the ablation
occurs so rapidly that the mechanism does not have sufficient time to transfer the
received pulse energy into the lattice or other surrounding structure of the hit spot.
Thus, there will be less melting, supersaturated vapours, stress in the material and
thus fragmentation and/or particle formation near the surface, which are signifi-
cantly reduced if not completely ceased. Thus, the cold-work ablation leaves a
finer and smoother target piece after the cold-work made as a hot-work process.

So, the material surfaces after the cold work has less fragments if not completely
does not have them at all, which is important advantage of such embodiments of
the invention that use in the cold-work short laser pulses for a fine and sharp re-
sults of the ablation target as the work piece.

Summary of the invention

The invention is aiming to show a surface handling arrangement, aiming to solve
or at least mitigate problems of the state of the art. The invention is aiming to show
also method, device/arrangement/apparatus and/or a system for cold working a
surface of the target piece, more efficiently and/or with a better quality surface ma-
terial than know at the moment of the priority date of the priority application. Still as
an object of the invention, the invention is aiming to show an arrangement for han-
dling surfaces as applied to be used in a 3D-printer by repeatable coating/carving
of a body with better quality surface material than know at the moment of the prior-
ity date of the priority application.
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The object of the invention is achieved by a surface handling arrangement that util-
ises according to an embodiment of the invention a turbine scanner in the radiation
path between the radiation source and the target. The object of the invention relate
to the objectives in the following:

A first objective of the invention is to provide at least a new method and/or related
means to solve a problem how to provide available such high quality, fine, plasma
practically from any target, so that the target material do not form into the plasma
any particulate fragments either at all, i.e. the plasma is pure plasma, or the frag-
ments, if exist, are rare and at least smaller in size than the ablation depth to
which the plasma is generated by ablation from said target.

A second objective of the invention is to provide at least a new method and/or re-
lated means to solve a problem how, by releasing such fine plasma, to produce a
fine cut-path in for such a cold-work method, that removes material from the target
to said ablation depth, so that the target to be cold-worked accordingly keeps
without any particulate fragments either at all, or the fragments if exist, are rare
and at least smaller in size than the ablation depth to which the plasma is gener-

ated by ablation from said target.

A third objective of the invention is to provide at least a new method and/or related
means to solve how to coat a substrate area to be coated with the fine plasma
without particulate fragments either at all or without fragments larger in size than
the ablation depth to which the plasma is generated by ablation from said target,

i.e. to coat substrates with pure plasma originating to practically any material.

A fourth objective of the invention is to provide a good adhesion of the coating to
the substrate by said fine plasma, so that wasting the kinetic energy to particulate
fragments is suppressed by limiting the existence of the particulate fragments or
their size smaller than said ablation depth. Simultaneously, the particulate frag-
ments because of their lacking existence in significant manner, they do not form
cool surfaces that could influence on the homogeneity of the plasma plume via nu-
cleation and condensation related phenomena. In addition, in accordance with the
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fourth objective, the radiation energy in the ablation event is transformed to the ki-
netic energy of the plasma effectively by minimizing the heat affected zone by us-
ing preferably short pulses of the radiation pulses, i.e. in the picosecond range or
shorter pulses in time duration, with a pitch between two successive pulses.

A fifth objective of the invention is fo provide at least a new method and/or related
means to solve a problem how to provide a broad scanning width simuitaneously
with fine plasma and high quality and broad coating width even for large bodies in

industrial manner.

A sixth objective of the invention is to provide at least a new method and/or related
means to solve a problem how to provide a high repetition rate to be used to pro-
vide industrial scale applications in accordance with at least one of the objectives

of the invention mentioned above.

A seventh objective of the invention is to provide at least a new method and/or re-
lated means to solve a problem how to provide fine plasma for coating of surfaces
to manufacture products according to at least one of the objectives from the first to
sixth, but still save target material to be used in the coating phases producing
same quality coatings/thin films where needed.

An further objective of the invention is to use such method and means according
to said at least one of the first, second, third, fourth and/or fifth objectives to solve
a problem how to cold-work and/or coat surfaces for such products of each type in

accordance with the objects.

The objectives of the invention are achieved by a radiation-based surface treat-
ment apparatus which includes in its radiation transmission line a turbine scanner

according to an embodiment of the invention.
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Then, using the surface treatment apparatus according to the invention, the re-
moval of material from the surface treated and/or the yield for coating can be
raised to a level required by high-quality coating, yet with sufficient speed and

Awithout unreasonably limiting the power of the radiation used.

With the surface handling arrangement according to the invention, the ablation
rate along the ablation path on the target can be set to sufficient level for appropri-
ate surface handling of the body to be machined, coated and/or to be used as tar-
get to be carved, drilled and/or otherwise cold-worked, but however, so that the
rate is in sufficient range but the radiation to be used is not unnecessarily limited.

The cold work method according to the invention is characterized in that the
method comprises ablating, along a predefined ablation path on an ablation target
surface, to a predefined ablation depth by laser radiation having at least one char-
acteristic wavelength and at least one pulse characteristic for each wavelength for
the radiation to be used for ablation of said ablation target material, wherein the
radiation from the source is directable via an optical path onto the working spot on
said ablation target via a turbine scanner.

The cold work arrangement according to the invention is characterized in that the
arrangement comprises a laser radiation source to provide the laser radiation be
used in the ablation, and at least one turbine scanner arranged into the optical
path arranged to lead laser radiation from said laser radiation source to the hit spot
of the ablation target at the ablation path location.

Ablation based cold work system according to the invention is characterized in that
the system comprises at least one ablation based cold-work arrangement and
automating means arranged to handle the ablation target bodies for their input,
movement and/or removal from the system.

A weapon according to the invention is characterized in that what is characteristic
to the cold work arrangement according to the invention.

An explosive disarmament device according to the invention is characterized in
that what is characteristic to the cold work arrangement according to the invention.
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The radiation source can be a suitable laser source according to an embodiment
as embodied later in the document.

Other embodiments of the invention are indicated in the dependent claims and in
the following part of the description, by a reference to be made to give examples
on the embodiments of the invention in a non-restrictive manner, so not only to re-
strict the scope to the indicated examples of the embodiments, but instead helping
to understand advantages of the embodiments of the invention.

Various embodiments of the invention are combinable in suitable part. The term
“comprise” has been used as an open expression. Term “one embodiment” as well
as “another embodiment” has been used for simplicity reasons to refer to at least
one embodiment, but can also comprise an ensemble of embodiments with the in-
dicated feature, alone, or in combination of suitable other embodiments. When
read and understood the invention, the skilled men in the art may know many
ways to modify the shown embodiments of the invention, however, without leaving
the scope of the invention, which is not limited only to the shown embodiments
which are shown as examples of the embodiments of the invention.

Figure 1 illustrate some problems relating to state of the art techniques,

Figures 2A, 2B, 2C, 2D each illustrate cutting results according to an embodi-
ment of the invention,

Figure 3 illustrates an example of an arrangement according to an embodiment
of the invention,

Figure 4 illustrates a cold work method according to an embodiment of the inven-
tion, '

Figure 5 illustrates a scan according to an embodiment of the invention,

Figure 6 illustrates an arrangement according to an embodiment of the invention,
and

Figure 7 illustrates a turbine scanner according to an embodiment of the inven-
tion.

Figure 8 illustrates products according to embodiments of the invention.
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Ensemble of embodiments of the invention

According to an embodiment of the invention a suitable pulse length for a target
material is less than 30 ps to be counted as a short pulse. However, even shorter
pulses can be used down to the 1 ps scale in one embodiment, but pulses within
the fs-scale duration in another embodiment or even as-scale (attosecond-) in a
further embodiment can be used down to 0,05 as (attosecond).

According to an embodiment of the invention, the pitch between two successive
pulses is equal or shorter than the pulse duration, but kept constant. According to
an embodiment of the invention the pitch duration is longer than the pulse duration
but kept constant. Constant pitch and/or pulse length makes the radiation source
simpler and easier to manufacture as a laser source. But according to an embodi-
ment of the invention, a pumped laser source can be arranged to have at least
some intermittency for the pitch and/or the pulse duration achievable in the energi-
zation by using a plurality of pumping mechanisms timed intermittently or differ-
ently timed to yield intermittence and to make the pumping either optically and/or
electrically embodied in suitable part. Such an intermittent radiation can be used,
for instance, if different material/structure of the ablation path is to be desired to
the target. The intermittently pulsed laser can be a pumping laser to be used to
pump a power laser according to an embodiment, or the intermittently pulsed laser
can be itself a power laser, that is pumped by several mechanisms.

According to a cold work method according to an embodiment of the invention, the
pulse characteristics of the radiation to be used for the ablation can comprise such
features as the pulse power, pulse energy, pulse shape, pulse duration, pitch be-
tween two successive pulses, intermittence, pulse/pitch repetition rate of the
pulses on the target, repetition rate of the pulses on the scanner, cover ratio of the
pulses on the target and/or a combination thereof. The cover ratio of the pulses
can be defined by a ratio of the common area of two successive hit spots to the
area of an arbitrary hit spot.

According to a cold work method according to an embodiment of the invention,
characteristic wavelength means a wavelength that originates to the laser source
that is used for the ablating. The laser source can have several polarization modes
at the characteristic wavelength, from which a certain mode can be selected to be
used in the ablation in one embodiment, but in another embodiment several
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modes and/or characteristic wavelengths can be used when associated to the
suitable pulse characteristic or characteristics. According to an embodiment of the
invention the radiation to be used is in the wavelength range from radio wave-
lengths down to ultraviolet wavelengths or even down to low energy x-ray wave-
lengths. According to an advantageous embodiment of the invention the wave-
length of the radiation comprises monochromatic and coherent radiation compo-
nent that has a wavelength of radio waves IR, UV, visible light. Also intermediate
ranges can be applied in embodiments.

According to a cold work method according to an embodiment of the invention, ab-
lation path can be predefined, so as to be used for defining the order in which the
material from the ablation target is to be ablated. According to an embodiment of
the invention the ablation path can comprises a spot or to be a spot-like, for appli-
cations in which a dot “.” is to be formed on the ablation target. The dot can be
gap, cavity or an ablation-drilled hole, even through the ablation target piece from
its one side to another, said dot having a shape derivable from the ablating radia-
tion geometry. According to an embodiment of the invention the path comprises a
line, which is thus a queue of the hit spot on the target surface.

Provided that the hit Aspots are essentially or completely non-overlapping, the hit
spots form a line along the surface on the ablation target surface, according to the
radiation geometry of the pulsed laser beam to form the dots, is referred as a carv-
ing embodiment. According to an embodiment directed to the drilling, in such em-
bodiment of the invention, the hit spots are essentially at the same location for
making a hole and/or cavity along the normal of the surface. However, also holes
that define a direction with such an angle that is between a surface and its normal
can be drilled according to an embodiment of the invention. In such a case non-
normal-direction drilling, the overlapping of the hit spots are arranged to define the
direction of the cavity. According to an embodiment of the invention, the drilling
may happen at least some part so that part of the radiation of the pulse goes
through the plume. According to an embodiment of the invention the plume can be
further ablated by another beam arranged to remove the plasma, or the ablated
plasma can be removed at least partly by electromagnetic means arranged to pro-
vide an electromagnetic field to interact with the charged plasma particles in order
to deflect the plume away from the incoming radiation pulses. According to an em-
bodiment of the invention the ablation-originating plume is kept small so to be eas-
ily and quickly dismissed.
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According to an embodiment of the invention, the pulse shape is chosen so that
the laser pulse has a first pulse-part that has a first power level capable of ablating
target material at the hit spot, and a second pulse-part that has a second power
level, which is higher than said first power level so capable to compensate extinc-
tion of the plume. Such a pulse can be advantageous in certain embodiments in
whiéh the carving and/or drilling should be made through the plume directed radia-
tion pulses.

According to an embodiment of the invention the ablation target can be in rest in
respect to the laser source. According to an embodiment of the invention, the abla-
tion path on the ablating target is defined by a respective movement of the laser
source and the target body. According to an embodiment of the invention, the tar-
get is hold by a holder that is arranged to move the ablation target body so that its
surface comprises at least partly the ablation path having the characteristic dimen-
sions of the ablation path and the appropriate ablation depth in each defined loca-
tion of the ablation path, as defined according to radiation geometry of the laser
source.

According to an embodiment of the invention the ablation target can be arranged
to rotate so having the ablation path along the surface of said target. If the rota-
tional movement is suitably constant and occurs around a fixed axis, an embodi-
ment of the invention can be used for cutting the ablating target, as in turning ma-
chines and/or reamers. Also other carving-llike actions can be arranged to occur in
a similar way as in a turning machines and/or reamers.

For example, according to an embodiment of the invention, the target piece can be
placed on to a robot providing movements in an xy-plane, z-plane and/or at least
one rotating movement so providing at least in theory access of the ablating beam
to any visible surface location, for a carving action and/or cutting parts of the abla-
tion target body.

According to an embodiment of the invention the carving can be made in a low
pressure that is however higher pressure than the pressure in outer interstellar
free space, but lower than an atmospheric pressure. According to an embodiment
of the invention the carving can be made in over pressure condition, and/or in a
specific gas atmosphere for yielding protection against the diffusing plume materi-
als to the parts that may be critical for the material.
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According to an embodiment of the invention the laser radiation geometry can be a
beam, as approximated as a one-dimensional line from the source to scanning op-
tics and further to the ablation target, so advantageous to be utilised in formation
of ablation paths that have a breadth in order of ten or several tens of times or
smaller breadth. According to another embodiment of the invention, the laser ra-
diation geometry can be as a fan of beams, as approximated as a two-dimensional
plane from the source to scanning optics and further to the ablation target on
which the fan causes a surface oriented line by one pulse shot, so defining an
area to be carved on to the ablation target by several adjacent pulses.

According to an embodiment of the invention several fans of beams can be ar-
ranged to hit the ablation target simultaneously so defining an area by one pulse
shot, provided that the power is sufficiently large to cause ablation at said area to
the appropriate ablation depth of one pulse shot. This can be also provided by a
bunch of optical fibres and/or beam expanders with sufficient tolerance to tolerate
high energy level of the laser.

According to an embodiment the examples that were shown to enlighten the em-
bodiments of the invention that has been concentrated to the manufacturing or
creating something that has to be cut or carved.

According to an embodiment, the ablation target is kept in rest and the ablating ra-
diation is directed via an optical path to the ablation target that is held still.

According to an embodiment both the ablation target and the ablating radiation are
to be moved in respect in each other, but also in respect to a virtual third party ob-
server.

According to an embodiment of the invention, the system can be embodied so that
in one embodiment the system comprises a measurement unit to be used to
measure the measures of a body to be copied, and a cold-work means embodied
according to an arrangement according to an embodiment of the invention so to
cold work a target by carving and/or drilling to the measures of the body to be cop-
ied. According to an embodiment the copy is scaled to different measures as the
original, but according to another embodiment to the same measures as the origi-
nal. The system according to an embodiment of the invention can also embody a
copy machine, to be used in copying a body in 3D. According to an embodiment of
the invention such a copy machine is implemented as a turning machine or alike.
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According to an embodiment of the invention the copy machine can be imple-

mented by repeatable way constructing layers that originate to an ablated material.

The ablated material is used so that the plume is directed to coat a surface layer

by layer so forming the object to be copied with the measures of the original or
" with scaled measures.

However, the method has also embodiments that are directed to destruction of
enemy and/or the military material of such. According to an embodiment of the in-
vention, when the working method embodied applicable as to weapons, also long
pulsed lasers can be used having the pulse duration over 80 ps, even up to micro
second scale. The fragments may be not the problem of the weapon user, and
thus also the thermal transfer does not have a role to play, does a destroyed en-
emy the material, vehicle and/or tank have smooth cut line or not.

According to an embodiment of the invention cold-work lasers can be used also in
disarmament of explosives, so cutting by ablation the detonating path from the ig-
nition primer to the essential explosive material away, or by ablating critical parts
of a bomb so to disarming it. Optionally or in addition, the explosive material is cut
to smaller pieces to be removed so that if the ignition occurs, only the primer
and/or a small amount of the explosive goes off. That is possible because the ma-
terial structure of the explosive is not sufficient enough capable to relay the ther-
mal transmission from the hit spot to the surrounding material. Also, the detonation
speed can be in order of 10 km/s, may be much lower in reality, which shown es-
timate speed is quite slow in comparison to the actions that happen in the material
between its structural parts.

According to an embodiment of the invention the cold-work by ablation can be
used in purification of materials, provided that the plume is to be handled as such,
so as at least some of the constituents to be separated in suitable part from the
other. According to an embodiment of the invention the material that is ablated
from the ablating path is arranged to originate from such a target that has a mate-
rial layer arranged to be used in coating by the ablation released plasma, by plac-
ing and/or moving the body to be coated into the plume of the plasma of high qual-
ity (an ensemble of examples on embodiments, see Fig.8).

According to an embodiment of the invention the ablating radiation is directed from
the source to the working spot at the ablation target via an optical path, which can
be embodied in one embodiment by a fibre based path in suitable part, but in an-
other embodiment in suitable part in vacuum. According to an embodiment of the
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invention the path comprises a scanner arranged to scan the radiation to the work-
ing spot of the ablation target. According to a preferred embodiment of the inven-
tion, the scanner is a turbine scanner, which has a rotatable structure arranged so
that it comprises a first mirror surface part that is arranged to direct said radiation
towards the working spot while another, a second mirror surface part of a previous
location of the radiation spot on a mirror surface of the scanner is arranged to cool.

According to an embodiment of the invention the turbine scanner comprises a
polygon geometry so that there are at least three mirrors and/or angles from which
said first and second mirror surfaces are selectable due to the rotation. According
to an embodiment, the polygon geometry can be arranged by more than three mir-
rors and/or angles. According to an embodiment of the invention, the angles at the
corners are rounded so better to define the direction of the radiation pulses when
shifting from a first mirror to the next one. According to an embodiment of the in-
vention the rounded corners are surface-worked to comprise structure aiming to
minimum turbulence of the medium so to avoid influence of the eddies in the me-
dium to the laser beam power level.

According to an embodiment of the invention a flat, disk like turbine scanner is
used; preferably for radiation geometries that are arranged to provide a dot ori-
ented hit spot. According to an embodiment of the invention, also geometry of the
beam can be adjusted by a suitable beam expander where necessary to apply the
scanned beam to a certain geometry to enlarge the hit spot to a hit area, provided
that sufficient power for the ablation at the area is available. According to an em-
bodiment of the invention a prismatic-liké but longer than a disk turbine scanner, in
direction of the rotation axis length, can be used for radiation geometries that are
arranged to provide a line oriented hit spot. According to an embodiment of the in-
vention, the number of sides of the polygon is not limited in theory, but for practical
reasons of manufacture precision the number of polygon sides is lower than or
equal to 300, preferably lower or equal to 64, but most preferably in an embodi-
ment equal or lower than 16.

According to an embodiment of the invention the mirrors comprise a curved sur-
face part so arranged to deflect the ablation path at the ablation target in a certain
repeatable way. According to an embodiment of the invention the curvature can
be, as arranged in the plane of the rotation, positive but according to another em-
bodiment negative, as respectively defined by the distance of the nearest part of
the mirror to the rotation axis as being in minimum with the positive curvature and
as maximum with the negative curvature. According to an embodiment of the in-
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vention the curvature can be arranged in the plane of the rotation axis, i.e. in per-
pendicular to the rotation defined plane. According to an embodiment of the inven-
tion also multiple curvatures can be used in order to arrange a repeatable ablation
path on the ablation target.

According to an embodiment of the invention the rotation speed of the turbine
scanner can be larger than 100 000 revolutions per second. According to another
embodiment of the invention the rotation speed of the turbine scanner is lower
than 1000 000 revolutions per second. According to an embodiment of the inven-
tion the revolution speed is constant during the operation of the scanning, but ar-
ranged to be adjustable between a maximum value and zero, to be set on to the
suitable level to have sufficient amount of pulses to the working spots of the abla-
tion path.

According to an embodiment of the invention, the turbine scanner to be used com-
prises parts made of nano-tube material because of the tolerance against the
forces in a high-speed rotation. The scanning surfaces can be coated with carbo-
nitride (CsN,) for improved mechanical and/or thermal durability to tolerate high-
energy pulses of the laser source.

In the following, a working method according to an embodiment of the invention is
described as an example in a non-restrictive manner as such.

According to an embodiment of the invention, ablation to be used in the cold work
is made by a laser source radiating laser-radiation that has at least one character-
istic wavelength. In an embodiment, single cavity can provide also harmonic
waves with a different wavelength, but such may be not directly utilizable as such
to the ablation according to an embodiment of the invention.

According to an embodiment of the invention the laser source is selected for the
cold-work so that its radiation is pulsed so that the pulses have duration that is
shorter than 50 ns (nanoseconds), but according to an embodiment advantageous
for a probability to cause less fragmentation of the ablation target the pulse dura-
tion is shorter than 50 ps (picoseconds), but according a further advantageously
for a probability to cause less fragmentation shorter than 10 ps. According to an
embodiment of the invention the pulse length can be even shorter, as in one em-
bodiment in the fs-range (femtosecond) arranged to be used for the ablation along
the ablation path.
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Example on Si cutting grooving (cutting) experiment

A new turbine scanner was used to demonstrate the effect of scanning speed on
the groove and particle production in a carving like application to make grooves on
the ablation target with an arrangement according to an embodiment of the inven-
tion. The ablation path was selected along the surface of the target material, and
the laser beam was having a dot like geometry at the hit spot at the locations of
the ablation path.

Samples were (100) Si wafers (mirror finish, commercial grade) 0.5 mm in thick-
ness. The laser used in the demonstration was ultra short pulse fibre laser, 20 ps,
1064 nm, ¢spot=15-16 pm, 1 MHz by Corelase. Laser fluence (power/area) was
manually adjusted to exceed ablation threshold of Si, then surface (groove) was
ablated for the same time (30 s) at different scanning speeds of the focus spot
(1.5, 15, 150 and 300 m/s) of the radiation. Each scanning speed was obtained by
adjusting the rotation speed of a scanner head.

Cutting results were imaged using optical microscope and confocal microscope.
Some images are indicating the results in the following comparison (Figs. 2A-2D).
Already based on these images, it is obvious that significant improvement in the
quality of groove, reduction of heat affected zone and particle production was
achieved by increasing the scanning speed. Spot movement between adjacent
pulses can be simply compared with the size of the spot (¢spot=15-16 pm).

Calculated spot movement between the pulses at 1 MHz (the pitch, the time be-
tween pulses was set to 1 ps):

scanning speed of the spot (m/s) spot movement (Um)
1.5 1.5 um

15 : 15 um

150 . 150 ym

300 300 uym

It can be noted that in this case already at scanning speed of 15 m/s, there is prac-
tically no overlap between adjacent pulses. In this example, as in the case, optimal
scanning speed was already around 10-20 m/s. Similarly; optimal scanning can be
obtained for different materials and repetition rates of a pulsed laser. At MHz repe-
tition rates corresponding to high average power (now 5-20 W), optimal range was
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achieved only by using a turbine scanner as operated in this case with a scanning
speed of 1-300 m/s, which is significantly higher than that of galvanic scanners
(typically max around 2 m/s). In addition to better (particle free) material laser
plume, scanning speed also increases the yield/pulse due to less absorption of the
next pulse to the plume of the earlier pulse.

Figure 3 indicates a scanner head (exemplified with a protective Al shield) just be-
fore installation on the arrangement frame on the left. Example on the scanner
controlling electronics is indicated on the right.

An ensemble of examples on further embodiments

Figure 4 illustrates a cold work method according to an embodiment of the inven-
tion. The method has phase 6001 of selecting and/or exposing the target to be ex-
posed to the radiation to ablate material along the ablation path on the target. A
radiation beam is directed to the selected target material in phase 6002 in order to
expose a target material to the radiation at the hit spot. According to an embodi-
ment of the invention there can be also another target material to be ablated. Al-
though drawn in parallel to phase 6003 the second ablation phase 6004 is not
necessary a parallel phase, but can be a serial phase according to one embodi-
ment.

Certain optionality of the coatings, related not only to the different aspects of the
invention, is illustrated by the dashed lines. According to an embodiment in which
the cold work is used for coating material formation, if substrate is addressed to be
coated with coating. According to one embodiment of the invention the target can
comprise a constituent of the coating, but part of the coating can be formed by the
atmosphere at the substrate, and/or the substrate surface constituent or several.
According to another embodiment of the invention the target material is the same
as the coating. The coating phase 6005 can be used as only coating phase ac-
cording to one embodiment, but the second coating phase 6006 illustrates that in
another embodiment there can be several phases of coating.

According to an embodiment of the invention the carving and coating phases can
alter so at least partly remove parts of the just made coating to the ablation depth.
This can be achieved by making the target to the substrate and/or vice versa to
achieve the desired layers for the application.
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According to an embodiment of the invention after each ablation and/or coating the
method comprises a phase of checking if all the coating layers were already made.
That is illustrated by the arrows directed as shown in figure backwards from higher
reference numerated phases to the lower reference numerated phases.

The freedom to select of a coating 6011 for a phase 6003 and/or 6004, substrate
6010 and/or target material 6007 is illustrated by the periodic system of elements
6008, 6009. However, that is not limiting the said materials as such only to ele-
ments, although the target material is ablated. Also compounds of the elements
can be used.

According to an embodiment of the invention, the body whose surface is to be
carved, machined and/or coated by the cold-work according to an embodiment of
the invention, said surface to be coated can be a surface of a body per se or an al-
ready coated, or a surface at least partly coated, optionally or in addition in suit-
able part, such a surface that is indicated in the priority document FI20060182, to
be incorporated herein by reference.

Fig. 5 illustrates an operation of a scanner to be used in the radiation path accord-
ing to an embodiment of the invention. The scanner is a conventional turbine
scanner, or an improved turbine scanner 1502 according to an embodiment of the
invention, i.e. with coated mirror surfaces with a high temperature tolerating reflec-
tive material, or totally manufactured from carbo-nitride and/or diamond in suitable
part. The rotation direction is apparent in the figure. The radiation source 1600 (not
shown in Fig 5, but demonstrated by the beam 1510) can be embodied as a laser
source embodied according to diode-pump of PDAD-system or any other cold ab-
lation capable laser, i.e. with sufficiently powered laser, preferably with 100 W or
larger in total power and having pulse length of pico-second, femto-second, or
atto-second, with an inter-pulse pitch, and a pulse repetition rate larger than 20
MHz, advantageously larger than 50 MHz. The wavelength can be in the visible
light region, but is not limited to that only. Although just one drawn, there can be
also two or more radiation sources, operable in the same path in parallel or in se-
ries, which are not limited to the embodiment of similar source nor to that with all-
different sources.

In Fig. 5, the radiation beam is reflected as a reflected beam 1503 via the turbine
scanner 1502 mirror surface to an optical lens 1501, to the target 1400. In an em-
bodiment, the target can have a smooth surface structure, roughened arbitrarily or
so to have a certain surface structure optimized for the ablation and the coating
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formation, but in an embodiment in which the target is addressed to mere carving
phase, the structure of the target may be unoptimized for the carving as such. The
ablation path provided by the hit spots at the target is illustrated by H and the re-
lated number to illustrate also the scan on the surface of the target along the abla-
tion path at the numbered points of the path. So, the H1 defines a moment when
the beam 1503P, which can be polarized to a certain polarization by its production
and/or the optics 1501.

According to an embodiment of the invention, polarization of the beam can be
used for the ablation optimum at the ablation path on the target surface, espe-
cially, if the polarization can be used for certain selectiveness of the ablation dur-
ing a scan. The Fig. 5 demonstrate the scan points H1, H2, H3, H4 and H5 which
forms a series of arbitrary points from the scan path, i.e. the beam path to produce
on the target 1400 surface the ablation path. The scan path can be continuous,
according to an embodiment, from the scanner mirror part edge to the next edge,
but can be discrete according to another embodiment, as depending the exact
repetition rate of the radiation source, and/or the rotation speed of the turbine
scanner 1502, in a certain fixed geometry. Also the inter-point times T1, T2, T3, T4
and T5 are shown, and thus the rotation direction is demonstrated.

The 1503Tr illustrates the beam part, which can go through the substrate in certain
embodiments, for instance if the embodiments are used for a cut into the shape
application and/or with partly transparent targets. The component 1503Tr thus can
be used for the estimating of even each individual pulse intensities and thus for the
quality monitoring. However, in carving of metals for instance the 1503Tr can be
neglibly small or a zero component at the drawn side. However, that component
may be replaced an available reflection at the same side as the incoming radia-
tion. In Fig.5 the beam 1510 formed in the radiation source meets an expander
1508, which expands the beam to tapered shape, then the collimator unit 1507 to
form a curtain-like broad but thin radiation wedge to be deflected by the turbine
scanner 1502, through the correction optics 1501 optionally or in addition to polari-
zation operation so that the beam 1503P hit the ablation target 1400 at the H1.

Fig. 6 illustrates an arrangement 5700 according to an embodiment of the inven-
tion. The example shown comprises a radiation source 5701 and/or another radia-
tion source 5707. The number of the sources as such is not limited only on one or
two. In the arrangement, there is also indicated the target 5706, which can be tar-
get material according to an embodiment of the invention, or a target to be cold-
worked. Fig. 6 also illustrates radiation path 5703 as arranged to guide radiation
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from a radiation source 5701 to the target 5706, to used for ablating the target ma-
terial. The path comprises a scanner 5704, but the number of scanners per path is
not limited to the shown only. The figure illustrates adapter 5702, 5705 arranged to
adapt the path 5703 to the source 5701and the target 5705, respectively. The
adapter can comprise an expander, contractor and/or a correction optics parts,
which are necessary for the focussing in such embodiments, in which the geomet-
rical beam shape is necessary to change in the path from the source to the target.

Fig.6 also embodies such variations of the arrangement 5700 in which there is
also an additional source 5707 to be used in parallel and/or in addition to the
source 5701. The additional source can be exactly the same according to one em-
bodiment but according to another a different one. According to one embodiment,
the source is a heater arranged to heat the target. The adapter 5708 can be the
same as 5702, but is not necessary such. It can be also an integrated adapter as
an expander. The scanner 5709 can be same as the scanner 5704, but is not lim-
ited only thereto. The scanner is advantageously a turbine scanner according to
an embodiment of the invention. According to the way of drawing, the adapter
5710 is arranged so that the radiation from source 5707 arrives to the target 5706,
as the radiation from the source 5701. The arrangement do not necessary need
the adapters at all, provided that the geometry of the beam directed via the scan-
ner is sufficiently uniform and/or in correct focus, above, beneath or on the surface
of the target material or its base. The radiation of the radiation source can be in
one embodiment directed to several targets, although only 5706 shown as an ex-
ample.

Fig. 7 illustrates a prismatic low-faced turbine scanner 3321, but especially the ro-
tor part of it 3321. The part 3321 can be a conventional turbine scanner part, but
also a part according to an improved embodiment of the invention, provided with at
least a coating of the mirrors with high durability for the high laser power pulses. In
the example of the figure, the part 3321 has faces 3322, 3323, 3324, 3325, 3326,
3327 and 3328. The arrow 3320 illustrates the rotation of the part 3321 around the
axis 3103. The faces are mirrors, each of which in-duty, arranged by its own turn,
to deflect the incoming radiation beam via the radiation path and to cool when the
mirror is off-duty. Tilt angles of the faces are shown for various embodiments. The
Fig. 7 illustrate one revolution of the turbine scanner part in time scale from the
first mirror, mirror 1, to the last mirror, mirror 8. An ablation path on the target can
be thus demonstrated. The ablation path is indicated to hit the target, which can be
any target to be cold-worked, at the right by reference 3329, but in the left indi-
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cated with the same reference number the scanning path to be used to provide the
ablation path. The return of the beam is indicated by the line 3330. The mirrors are
indicated by the apparent reference number. Although 40-um-scan line has been
demonstrated as an example, embodiments of the invention are not limited only to
shown beam size and/or shape. The beam can be also as a line in an embodi-
ment. The location of the scan line on the target material may be the same in one
embodiment for at least two successive scans, but the scan line for two succes-
sive scans can be different in another embodiment, if for example, the material is
likely to form fragments even in cold-work based on ablation. The number of faces
is not limited to the 8, which is only an example in the figure. Faces can be of tens
or even hundreds in number, however, influencing possibly to the scan line length.
The mirrors can be also curved, although not shown in the Fig.7. The corners can
be rounded according to an embodiment of the invention.

In one embodiment of the invention number of different scan lines at the target
surface can be achieved by variation of the tilt from face to the next face of the
turbine scanner, or in another embodiment by changing the face tilt of at least one
mirror or several mirrors.

The turbine scanner has an advantage that the beam won’t stop one location at
the target and thus the yield is rapid and homogenous during a scan resulting a
homogenous plume from the target.

The size of the turbine scanner is freely scalable for a skilled man in the art who
has read the application text. The embodiments comprise variations of micro-
scopic scaled to macroscopic scale so that in the macroscopic scale according to
one embodiment the diameter is about 12 cm and height 5 cm. The distinction of
low-faced turbine scanner from a high face turbine scanner can be made by the
measures of the height of the mirror in an axial direction in relation to the width of
the mirror in a perpendicular direction of the axial direction. If the height and width
are essentially the same, or exactly the same such an intermediate embodiment is
included to either low- or high- faced embodiment according to the ratio so that if
the height is smaller than the width, it is low-faced but if the height is larger than
the width it is high-faced.

It is advantageous to use turbine scanner in the radiation path for such systems in
which use pico-second laser systems whose repetition rate is above 4 MHz, ad-
vantageously over 20 MHz and/or the pulse energy is above 1,5 pJ.
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It is also advantageous to control the radiation power at the hit spot on the target,
according to the possibilities. Thus, even each pulse can be evaluated and the
knowledge on the departures of the pulse/radiation properties from pre-defined
values can be used in a feed-back loop for controlling the radiation beam focus,
the ablation of target material, substrate coating, and/or the plume formation.

An example on the radiation source

The radiation source to be used in the arrangement according to an embodiment
of the invention can comprise at least one or several diode-pumped radiation
sources and each radiation source can have an optical path of its own, but not
necessarily the same as another. According to an embodiment the radiation is la-
ser radiation originating to radiation source arrangement according to an embodi-
ment.

A radiation source arrangement according to an embodiment of the invention
comprises a first feature and/or a second feature, which is at least one of the fol-
lowing:

- (i) the wavelength characteristic to the radiation source,

- (ii) on-duty pulse length,

- (i) length of off-duty period between two successive pulses,
- (iv) repetition rate of the on-duty occurrences,

- (v) radiation intensity,

- (vi) energy and/or power per bulse,

- (vii) polarization of the radiation, and

- a combination of at least two or more of the features (i)-(vii).

According to an embodiment of the invention said first feature is different than said
second feature. According to an embodiment said feature is considered as an as-
pect of a radiation source.

A radiation source to be used in the arrangement according to an embodiment of
the invention has at least one radiation source which is arranged to produce radia-
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tion having a wave length in range which wave length is at least one of the follow-
ing:

- wavelength between a radio wavelength and an infrared wavelength,

- wavelength in infrared,

- wavelength of visible light,

- wavelength of ultraviolet,

- wave length of X-rays, and

- wavelength of gamma rays.

According to one embodiment of the invention the optical path is arranged to
comprise at least one path for plurality of radiation sources comprising at
least one radiation source arranged to direct at least one radiation beam to
a plurality of targets comprising at least one target. If an embodiment is us-
ing intermittent pulsing for the cold working, the intermittency can be ar-
ranged in periodical way by using several sources each having own period,
to be superposed at the hit point of the ablation path.

According to an embodiment, the laser source can be embodied, optionally or in
addition, in suitable part according to the priority document FI20060182 incorpo-
rated herein by reference.

One further example embodies a laser arrangement according to an embodiment
of the invention. The mentioned parameter values are examples, and are thus not
restrictive only to the mentioned values. The turbine scanner as embodied is only
an example, and thus not restrictive.
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Diode-pumped fibrous la-
ser system or other suit-
able laser system

A

PICO-SECOND LASER

over 10 W

advantageously, 20 ...1000
W or even higher

pulse energy 2...15n]
repetition rate 1 MHz,
advantageously. 10...30

feed if used in embodi-
ment

MHz or higher

+
Smooth operated, B Velocity 0...4000 m/s, or
linear beam movement, higher,
high laser power, typically 50...100 m/s or
vacuum and/or atmosphere | TURBINE SCANNER | higher

+
Repetition 100%, C Material thickness a) below,
High quality, b) the same or
High laser power Film and/or lamel target ¢) larger than

inside the focus

ATMOSPHERE, FREE
SPACE

+
Layer-structures, each D control rang 0,5...15 pJ
layer formed from the fast, max 1 ps
same or different materials | AUTOMATIC PULSE | pre-progammable,
ENERGY/POWER quality control even to mi-
CONTROL SYSTEM | cro-scale
+
Integration to the laser E Whole work width operation
system possible pulse precison
INTEGRATED PLASM | quality control even to mi-
INTENSITY cro-scale
MEASUREMENT
..|..
The shorter wave-length |F 1064 nm,
the better yield 293...420 nm,
LASER RADIATIOIN  [420...760 nm
|WAVE LWNGTHS other wave lengths
+
Operation applicability G Choice according to the
according to the em- ‘ cleanliness, reactivity, coat-
bodiement VACUUM, GAS- ing rate, and/or the econom-

ics.

Pico-second laser system (A) + Turbine scanner (B) + target feed (C) as lamellas
or film, in such applications where needed for coating for instance, yield high qual-
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ity products and/or surfaces of large amounts. The products can be of single crys-
talline diamond and/or silicon to be used as a substrate for semiconductor industry
for instance, produced in vacuum, or in a gas atmosphere.

The coating can be formed on a surface of any kind, for example, on metal, plas-
tics and/or paper to mention few. In one embodiment the coating has a coating
layer thickness of 5 ym. The semiconductor material can be a silicon as pure or as
a compound, but in a flexible form, suitable into use of electronics, micro and/or
nano-electronics. The points D, E, F and G help the manufacturing of high quality
products in industrial scale, repeatable and promote the quality control.
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Claims

1. Ablation based cold work method, wherein the method comprises ablating,
by releasing high quality plasma, along a predefined ablation path on an ablation
target surface, to a predefined ablation depth by laser radiation having at least one
characteristic wavelength and at least one pulse characteristic for each wave-
length for the radiation to be used for ablation of said ablation target material,
wherein the radiation from the source is directable via an optical path onto the
working spot on said ablation target via a turbine scanner.

2. The method of claim 1, wherein said ablation path comprises a spot, line
and/or an area on the ablation target.

3. The method of claim 2, wherein the ablation path is parallel to the normal of
the surface.

4. The method of claim 2, wherein the ablation path is perpendicular to the
normal of the surface.

5. The method of claim 2, wherein the ablation path has a first spot and a sec-
ond spot so that the ablation depth at said first spot is different than at said second
spot.

6. The method of claim 2, wherein the ablation path and the ablation depth are
so arranged to form a hollow formation such as a hole and/or cavity into the target
piece.

7. The method of claim 2, wherein the ablation path has a first spot and a sec-
ond spot so that the ablation depth at said first spot is same as at said second spot
wherein the first and second spot are at a different location in respect to the sur-
face.

8. Ablation based cold work arrangement, wherein the arrangement comprises
a laser radiation source to provide the laser radiation be used in the ablation by re-
leasing high quality plasma, and at least one turbine scanner arranged into the op-
tical path arranged to lead laser radiation from said laser radiation source to the hit
spot of the ablation target at the ablation path location.
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9. Ablation based cold work arrangement, wherein the arrangement further
comprises a holder for holding, moving and/or handling the ablation target ar-
ranged for releasing high quality plasma.

10. Ablation based cold work system, wherein the system comprises at least
one ablation based cold-work arrangement so arranged for releasing high quality
plasma and automating means arranged to handie the ablation target bodies for
their input, movement and/or removal from the system.

11. The ablation based cold work system according to claim 10, wherein the
system comprises at least one ablation based cold-work arrangement and auto-
mating means arranged to handle the ablation target bodies, for their input, ex-
change, movement and/or removal from the system.

12. The ablation based cold work system according to claim 11, wherein the
system comprises automated means as arranged to feed ablation target material
for maintaining an ablation plume, from the ablation target, for a coating of a sub-
strate.

13. The ablation based cold work system according to claim 10, wherein the
system comprises means to set and/or hold a substrate into contact with the
plume of the ablation material as ablated from the ablation target.

14. A weapon, comprising the arrangement according to claim 8.

15. The weapon according to claim 14, comprising means to set aim at the tar-
get for setting said target as the ablation target.

16. The weapon according to claim 14, comprising a navigator and/or a com-
munication means.

17. Use of the weapon shown in any claim 14-16 as a military weapon.
18. Use of the weapon shown in any claim 14-16 as a hunting weapon.

19. An explosive disarmament device, comprising the arrangement according to
claim 8.
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20. A radiation-based surface treatment apparatus characterized in that it com-
prises in its radiation transmission line a turbine scanner arranged to direct radia-
tion from the source to the target for releasing high quality plasma.
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