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A MULTI-TECHNOLOGY PRINTING SYSTEM

REFERENCE TO RELATED PUBLICATIONS
[0001] This application claims priority from Israel Pat. Appl. Nos. 222587, 222588, and
222589, all of which were filed on 21 October 2012 and each of which is incorporated by

reference in its entirety.

FIELD OF THE INVENTION

[0002] This invention generally relates to material printing, material deposition, and material
distribution. More specifically the invention relates to new methods of laser induced forward
transfer for enabling 2D or 3D printing of various materials, distribution of a plurality of
materials, high resolution patterning, and improved methods of medical treatment and

intervention, particularly in endoscopic procedures.

BACKGROUND OF THE INVENTION
[0003] Conventional methods of printing as ink jet and screen printing have limitations of
feature size and even more critical limitations of the kind of materials that can be printed in a

repeatable, sustainable manner and with controlled quality.

[0004] There are many printing processes in the industry that are conducted over several sets
of equipment thus limiting simplicity, accuracy, and quality of the printed platform. The
integration between such systems is expensive from the aspect of resources and processes

required to achieve adequate results.

[0005] Methods of LIFT are well known in research and in the industry. LIFT consists of a
transparent substrate coated with a thin film of material to be transferred (the "donor"), which
is facing a receiver substrate, (the "acceptor"). A laser pulse locally induces a thermal

excitation that finally results in material transfer towards the acceptor.

[0006] The LIFT method can be used to transfer a rather large number of different materials,
e.g. copper, nickel, aluminum, and chrome. In recent years laser transfer of liquid droplets
was investigated both theoretically and experimentally with special emphasis on bio-
materials. The main problem of LIFT technology, essentially used in academic research
center, is the complexity of the LIFT system, including (i) the Laser manipulation; (ii) the
donor holding and supplying. This invention overcome this inconvenience and complexity

and brings LIFT means and method to industrial use.
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[0007] Printing solutions and specifically industrial printing solutions are executed in many
stages as material preparation, exposure and patterning, drying, sintering and other. In
existing solutions these various activities are performed on various types of equipment in a
production line. This invention further brings a comprehensive solution that equips several

technologies built to be integrated on a single platform.

[0008] In medical devices, conventional systems for material application introduction and
otherwise distribution, such as micropipettes have limitations of droplet size, and even more
critical limitations of the kind of materials that can be distributed in a repeatable, sustainable

manner and with a controlled quality and accuracy.

BRIEF SUMMARY OF THE CURRENT INVENTION

[0009] The current invention covers basic technology for printing, deposition and distribution
of various materials, and a system perspective comprising these technologies in bringing a
comprehensive solution for several applications. The basic applicable technologies to support
the above are selected in a non-limiting manner from the group consisting of substrateless
LIFT (SL-LIFT); Local Donor LIFT (LD-LIFT); new LIFT concepts; advanced sintering

methods; and UV curing and feedback mechanisms.

[0010] The present invention also brings new means and methods of producing and utilizing
a simple, accurate, precise and effective Substrate-Less LIFT and Local-Donor LIFT
targeted, inter alia, as a medical device, avoiding the need of a substrate enabling distribution
mechanism. The present invention discloses a system for performing substrateless and/or
local donor Laser Induced Forward Transfer (LIFT), wherein said system comprises a
reservoir (9) comprising at least one opening and an energy source configured to deliver

energy to a donor material within said reservoir, thereby initiating a LIFT process.

[0011] The present invention discloses a printing, material deposition, and material
distribution system, characterized by: one or more printing heads, each of which comprises at
least one distributor that distributes material by substrateless LIFT (SL-LIFT) and/or Local
Donor LIFT (LD-LIFT) method; one or more material reservoirs, each of which contains or
in connection with at least one material to be fed by said printing head in a continuous
manner; and one or more energy sources in connection with said one or more reservoirs; and
at least one energy source is adapted to generate said LIFT process. The present invention

further discloses a method of printing and material deposition by means of said system.
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[0012] The present invention discloses a printing, material deposition, and material
distribution system, as defined in any of the above, wherein laser operation parameters are
selected from the group consisting of PW, PRF, power, pulse shape and other parameters can
be controlled. The present invention further discloses a method of printing and material

distributing by means of said system.

[0013] The present invention discloses a printing, material deposition, and material
distribution system, as defined in any of the above, wherein the laser source is distributed to
several waveguides submerged in the reservoir, and act each as an individual jetting

apparatus.

[0014] The present invention discloses a printing, material deposition, and material
distribution system, as defined in any of the above, wherein the laser is distributed by an
energy distribution mechanism distributes the energy to at least one waveguide and at a time

division or power division mechanism.

[0015] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system useful for high throughput, high resolution,
printing of materials and distribution of materials, the system comprising: at least one
reservoir of the printing material, a transparent substrate within said reservoir, said
cylindrical is adapted to rotate in said reservoir; by means of said rotation, the cylinder is
coated by the printed material; in the cylinder - a folding and a scanning mirror and optics
that focus the energy on the substrate and in the position that the material is at the opening on

the reservoir.

[0016] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system useful for high throughput, high resolution,
printing of materials and distribution of materials, the system comprising: at least one

reservoir of the printing material; at least one local donor within said reservoir.

[0017] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the cylindrical
element rotates and transfers through continues steps of the lift process, coating, energy

pulse, jetting and recoating.

[0018] It is another object of the invention to disclose a continuous LIFT printing, material

deposition, and material distribution system as defined above, wherein the system is
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operatable in one or more of four modes of operation; namely, printing, filling, cleaning and

patterning.

[0019] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the laser parameters

are selected from the group consisting of PW, PRF, power, and pulse shape.

[0020] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the laser is distributed
by an energy distribution mechanism which distribute the energy to at least one waveguide

and at a time division or power division mechanism

[0021] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein a sequence of pulses,
PWs or PRRs is generated to receive adequate distributing parameters according to the

application, material and process.

[0022] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein an intermediate plate

of thermal conducting material is coated on the transparent cylinder.

[0023] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein an optical element,
selected from the group consisting of lens, mirror, filter and scanning element is added at the

end of the waveguide thereby improving energy distribution.

[0024] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the waveguide has a
graded index element that focuses and improve the beam quality in order to improve jetting

quality.

[0025] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the waveguide is a

single mode fiber, a multimode fiber, or graded index fiber.

[0026] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the reservoir walls are

heated by an electrical current.
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[0027] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the reservoir is cooled
by a cooling mechanism selected from the group consisting of thermo-electric cooler, heat

pipes, and any mechanism useful to achieve longer shelve life of the material.

[0028] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the material is heated
by a heater selected from the group consisting of an energy source, CW laser, pulsed laser

and any effective mechanism that heats the material locally in the reservoir.

[0029] The present invention discloses a printing, material deposition, and material
distribution system, as defined in any of the above, wherein at least a portion of the walls of
the reservoir and/or its opening is coated by a hydrophobic material, or is a wetted by a
wetting layer, or treated by elevated or reduced temperature thereby surface shape parameters

are controlled.

[0030] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the system further
comprising one or more of the following: multiple reservoirs; at least one waveguide in each
reservoir; multiple energy sources; multiple central reservoirs with at least one material; a
feedback, calibration and synchronization mechanism; and an adjustable mounting

mechanism.

[0031] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the feedback
mechanism supports calibration, synchronization, alignment and process control of the

system.

[0032] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the alignment screws

enable Oy , 0z and 6x alignment.

[0033] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein the sensor acquires a
printed target that has been printed on a different system or a target printed by this system in

the same session.

[0034] It is another object of the invention to disclose a continuous LIFT printing, material

deposition, and material distribution system as defined above, further comprising a sensor

5
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which measures the dimensions and other parameters of the printing and feedbacks to process

control or to sintering or curing system.

[0035] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, further comprising one or more

energy sources, especially a pulsed laser distributed to one or more print-heads.

[0036] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, further comprising one or more
energy sources with an energy distribution mechanism that distributes the energy to one or
more reservoirs; each source can be distributed to one or many reservoirs and the later can

receive energy from other sources.

[0037] It is another object of the invention to disclose a continuous LIFT printing, material
deposition, and material distribution system as defined above, wherein each reservoir or

printing head may receive material from any of the material main reservoir sources.

[0038] It is another object of the invention to disclose a method as defined above, wherein
the method further comprising a step of patterning the material; said patterning is selected
from one or more members of the group consisting of trimming, disconnecting and otherwise

changing the shape of jetted material.

[0039] It is another object of the invention to disclose a method as defined above, wherein
the method further comprising a step of providing a feedback mechanism selected from the
group consisting of a sensor, array of sensors, cameras, a source and detector, and any

combination thereof.

[0040] It is another object of the invention to disclose a method as defined above, wherein
the method further comprising a step of providing temperature regulation; temperature of the
reservoir(s) is controlled by a heating mechanism and/or by a thermoelectric heater/cooler,
thus receiving adequate material properties for printing, shelf life improvement and process

stability.

[0041] It is another object of the invention to disclose a method as defined above, wherein
the method further comprising a step of providing a cleaning mechanism, adapted to clean the
said waveguides, or the said energy sources, thereby improving energy and printing

efficiency and quality.
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[0042] It is another object of the present invention to present a SL-LIFT and LD-LIFT
printing, material deposition, and material distribution system comprising the following
modules: (a) a LIFT-based depositing mechanism that which distributes or deposits materials
without utilizing a substrate; (b) one or more reservoirs for various materials, each of said
materials feeds the deposition head continuously, semi continuously or in a batch-wise
manner; and (c) an energy source and means to introduce or otherwise apply energy produced

by said energy source to the material in said reservoir, thereby generating the LIFT process.

[0043] It is another object of the present invention to present a SL-LIFT as defined above,
wherein the energy source is selected in a non-limiting manner form a laser, an electric arc, a

resistor element and any other pinpoint energy source.

[0044] It is another object of the present invention to present a SL-LIFT as defined in any of
the above, wherein laser parameters, such as PW, PRF, power, pulse shape and other

parameters are controllable.

[0045] It is another object of the present invention to present a SL-LIFT as defined in any of
the above, additionally composing an energy distribution mechanism, which distribute the
energy, e€.g., the laser, to at least one waveguide at either mechanisms of time division or

power division.

[0046] It is another object of the present invention to present a SL-LIFT as defined in any of
the above, additionally comprising at least one arc receiver, wherein said at least one electric
arc receiver which receives power from one or more signal generators. The parameters that
control the production of said arc are selected in a non-limiting manner from the group
consisting of power, such as energy parameters, pulse duration, pulse shape, pulse frequency

and any combination thereof.

[0047] The present invention discloses a printing, material deposition, and material
distribution system, as defined in any of the above, wherein at least one resisting element
receives power {rom a signal generator that controls parameters of the power, said parameters

are selected from the group consisting of energy, pulse duration and frequency.

[0048] It is another object of the invention to disclose a LIFT system as defined in any of the
above, wherein a sequence selected from the group consisting of pulses, pulse widths, and
PRRs is generated to receive adequate distributing parameters according to the application,

material and process.



WO 2014/061024 PCT/IL2013/050845

[0049] It is another object of the present invention to present a SL-LIFT as defined in any of
the above, wherein the dimensions of the opening of the reservoir are fixable or adaptable and
wherein the opening has an OPEN configuration and a CLOSED configuration and wherein

said CLOSED configuration adapted to support the filling process.

[0050] It is another object of the present invention to present a SL-LIFT as defined in any of
the above, wherein the opening of the reservoir can be closed to support the process of filling

by an adjustable opening mechanism or by a plug connected to the energy element.

[0051] It is another object of the present invention to present a SL-LIFT as defined in any of
the above, wherein at least one of the following is held true: (i) the reservoir is in thermal
connection with a heating/cooling module; and (ii)) the walls of the reservoir are
heated/cooled by an electrical current to provide an adequate viscosity of the material in the

reservoir.

[0052] It is another object of the present invention to present a SL-LIFT as defined in any of
the above, wherein the material is heated by one or more members of the group consisting of
thermo-electric coolers, Peltier module, heat pipes, CW laser, pulsed laser and any

combination thereof.

[0053] It is another object of the present invention to present a SL-LIFT as defined in any of
the above, wherein the opening of the reservoir or walls of the reservoir in connection with
said opening are at least partially coated by one or more hydrophilic or hydrophobic
materials, treated by wetting, maintained in a defined temperature or any combination

thereof, thus controlling surface shape parameters.

[0054] It is another object of the present invention to present a continuous SL-LIFT adapted

to provide high throughput, high resolution, sequenced deposition of materials.

[0055] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein said system comprises the following: (a) at least one
reservoir comprising a distributable material; (b) at least one tube filled with said material; (c)
a waveguide or other energy source which is submerged in the reservoir; (d) a tube adapted to
be embedded in or onto a medical device, said medical device can comprise one or more
illumination and acquisition fibers; and (e) pulsed laser which generates the LIFT process in

said medical device.
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[0056] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein the deposition is operated at a predefined rate over a

predefined time span.

[0057] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein said system is operatable in one or more modes selected
from the group consisting of a operation mode, deposition mode, filling mode, cleaning and

patterning mode or any combination or sequence thereof.

[0058] It is another object of the present invention to present a continuous SL-LIFT as

defined in any of the above, wherein the energy source is a laser.

[0059] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein the laser parameters are selected from the group

consisting of PW, PRF, power, and pulse shape.

[0060] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein the laser is distributed by an energy distribution
mechanism which distributes the energy to at least one waveguide, by means of either a time

division or power division mechanisms.

[0061] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein the aforesaid sequence of pulses, PWs and PRRs are
generated to receive adequate deposition parameters according to the application, material

and process.

[0062] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein an intermediate plate, at least partially made or at least
partially comprising one or more thermal conducting materials, is coated on, immersed,

doped, or otherwise incorporated on or into the transparent cylinder.

[0063] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein an optical element, such as a lens, mirror, filter or a
scanning element is either added to or connected with the end of the waveguide, thereby

improving energy distribution.

[0064] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein the waveguide comprises a graded index element which

focuses and/or improves the beam quality, thereby improving jetting quality.
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[0065] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein the reservoir is cooled by a cooler selected from the
group consisting of a thermo-electric cooler, Peltier module, heat pipes and any other cooling

mechanism adapted to provide longer shelve life of the material.

[0066] It is another object of the present invention to present a continuous SL-LIFT as
defined in any of the above, wherein the material is heated by an effective energy source,
such as a CW laser, pulsed laser and any other mechanism that heats the material locally

within the reservoir.

[0067] It is another object of the present invention to present an SL-LIFT distribution or
deposition head apparatus useful for material embedding in a medical device; wherein said
SL-LIFT is as defined in any of the above; and wherein said integrated apparatus comprises
(a) A set consisting of multiple reservoirs; (b) At least one waveguide located within or in
communication with each reservoir; (c) Multiple energy sources; (d) Multiple central
reservoirs with at least one material; (¢) A feedback, calibration and synchronization

mechanism.

[0068] It is another object of the present invention to present an SL-LIFT distribution or
deposition head apparatus useful for material embedding in a medical device; wherein a
feedback mechanism supports the calibration, synchronization, alignment and process control

of the system.

[0069] It is another object of the present invention to present an SL-LIFT distribution or
deposition head apparatus useful for material embedding in a medical device; wherein the
sensor is adapted to both (i) acquire the target that the material has to be deposited on; and

(i1) to receive a feedback after deposition.

[0070] It is another object of the present invention to present an SL-LIFT distribution or
deposition head apparatus useful for material embedding in a medical device; additionally
comprising at least one sensor which (i) measures the dimensions and distribution; and (ii)

feedback input to a process control module.

[0071] It is another object of the present invention to present a medical device comprising a
LIFT system adapted to embed a predefined material within or onto patient's body. This LIFT
system 1is utilizable without the necessity to prepare a substrate prior to distributing the

material.

10
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[0072] It is an object of the present invention to disclose a LIFT method and systems
comprised of a tube used as a reservoir of the required material an energy source as light
source, laser, heating filament or other and a mechanism to bring the energy in to the tube at

the required position.

[0073] It is an object of the present invention to disclose a LIFT method and systems wherein
the energy required to displace the material from end of the tube can be energy distributed by

a waveguide inserted in the tube at a precise distance from the surface.

[0074] It is an object of the present invention to disclose a LIFT method and systems wherein
the waveguide is movable in the z-axis by a means selected from piezoelectric, magnetic,
mechanic, and robotic mechanism, each of which is adapted to set the distance of the energy

waveguide from the surface of the material with the ambient environment.

[0075] It is an object of the present invention to disclose a LIFT method and systems above
wherein one or more waveguides or other energy mechanisms are translatable vertically in

and out the reservoir thereby improving quality and stability of the distribution process.

[0076] It is an object of the present invention to disclose a LIFT method and systems above
wherein one or many waveguides adapted to receive energy from several energy sources; said
sources are regulated by parameters selected from a group consisting of a CW, pulsed laser,
two or more pulsed lasers of equal or different operational parameters and any combination

thereof.

[0077] It is an object of the present invention to disclose a LIFT method and systems above
wherein the temperature of the material in the tube is controlled by a heating mechanism and
or by a thermoelectric cooler, thereby receiving adequate material properties for deposition,

shelf life improvement and process stability.

[0078] It is an object of the present invention to present a cleaning mechanism of the

waveguide or energy source to improve energy and deposition efficiency and quality.

[0079] It is an object of the present invention to present a waveguide with one or more
members of the group consisting of optics, lenses, mirrors, coatings and any optical element
adapted to improve distribution quality accuracy, throughput and any other distribution

parameters.

11
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[0080] It is an object of the present invention to present a preventive mechanism selected
from the group consisting of coating, wetting, rotation, movement on and of the waveguide,

and any other energy source adapted to improve energy and deposition efficiency and quality.

[0081] It is an object of the present invention to present an LIFT method and system with a
tube adapted to be filled with a material in a manner that there is no need to disassemble or

remove distributing head.

[0082] It is an object of the present invention to present an LIFT method and system
comprising one or more reservoirs that are fed by either a central reservoir or a plurality of

reservoirs with one or more different materials.

[0083] It is an object the present invention to present a LIFT method and system with
feedback and control based on illumination; the system comprises one or more Sensors

targeted on the point of distribution or a feedback received from the laser source.

[0084] It is an object the present invention to present method producing a SL-LIFT system,
said method comprising steps of: providing a SL-LIFT or LD-LIFT deposition head;
integrating therein one or more reservoirs for various materials; providing each of said
materials in solid or liquid connection with said deposition head; integrating an energy source
therein; and providing energy transfer means for applying energy to said material in said
reservoir thereby generating a LIFT process. In some embodiments, the method additionally
comprises providing at least one tube adapted to be embedded in or onto a medical device;

and filling said at least one tube with said material.

BRIEF DESCRIPTION OF THE DRAWINGS
[0085] In order to better understand the invention and its implementation in practice, a
plurality of embodiments will now be described, by way of non-limiting example only, with

reference to accompanying drawings:
[0086] FIG. 1 schematically illustrates the conventional LIFT process known in the prior art;

[0087] FIG. 2 schematically illustrates a substrateless LIFT (SL-LIFT) system according to

one embodiment of the invention herein disclosed;
[0088] FIG. 3 schematically illustrates one embodiment of a five step SL-LIFT method;

[0089] FIG. 4 schematically illustrates a non-limiting example of an energy profile provided
by an energy source during the course of an SL-LIFT process according to one embodiment

of the invention herein disclosed;

12
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[0090] FIG. 5 schematically illustrates a non-limiting embodiment of the invention herein

disclosed in which the system comprises a plurality of energy transfer means;

[0091] FIG. 6 schematically illustrates a method of a high speed printing process according
to the invention herein disclosed in which a waveguide is translated vertically during the

course of the process;

[0092] FIG. 7 schematically illustrates several embodiments of the invention that comprise

add-ons to the waveguide and types of waveguides;

[0093] FIG. 8 schematically illustrates a non-limiting embodiment of the system herein

disclosed, in which the system comprises a rotating cylinder;

[0094] FIG. 9 schematically illustrates a non-limiting embodiment of the system herein
disclosed, in which the system comprises a plurality of energy sources, a plurality of energy

transfer means, a plurality of material feeders, and a mounting alignment mechanism;

[0095] FIG. 10 schematically illustrates a system with a plurality of printing heads according

to one non-limiting embodiment of the invention herein disclosed;

[0096] FIG. 11 schematically illustrates a number of non-limiting exemplary sequences for

use of the system herein disclosed;

[0097] FIG. 12 schematically illustrates the control systems and interfaces of the system

herein disclosed;

[0098] FIG. 13 schematically illustrates feedback mechanisms added on to a printing head

according to one non-limiting embodiment of the invention herein disclosed;

[0099] FIG. 14 schematically illustrates a calibration sequence for the system herein

disclosed;

[0100] FIG. 15 schematically illustrates sintering and patterning heads according to one

embodiment of the system herein disclosed;

[0101] FIG. 16 schematically illustrates the steps of a sintering process according to one

embodiment of the invention herein disclosed;

[0102] FIG. 17 schematically illustrates one embodiment of the invention herein disclosed in

which a plurality of modules are combined into a single system;

[0103] FIG. 18 schematically illustrates a complete LIFT system according to one

embodiment of the invention herein disclosed;
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[0104] FIG. 19 schematically illustrates the local-donor LIFT concept; and,

[0105] FIG. 20 schematically illustrates a micro-tube LIFT system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0106] In the following description, various aspects of the invention will be described. For
the purposes of explanation, specific details are set forth in order to provide a thorough
understanding of the invention. It will be apparent to one skilled in the art that there are other
embodiments of the invention that differ in details without affecting the essential nature
thereof. Therefore the invention is not limited by that which is illustrated in the figures and
described in the specification and examples, but only as indicated in the accompanying

claims, with the proper scope determined only by the broadest interpretation of said claims.

[0107] The following abbreviations are used herein. "PW" is used to represent "pulse width";
"PRR" is used to represent "pulse repetition rate"; "PRF" is used to represent "pulse repetition
frequency"; "LIFT" is used to represent "laser-induced forward transfer"; "LD-LIFT" is used
to represent "local donor laser-induced forward transfer"; and "SL-LIFT" is used to represent

"substrateless laser-induced forward transfer.”

[0108] The term "calibration" is used herein to refer to the accuracy and orientation of the
head in the system; and to the calibration of head parameters such as laser power, laser PW,

laser PRF, heating and cooling temperatures, speed of movement of the waveguide, etc.

[0109] The term "medical device" refers herein to an instrument, apparatus, implant, in vitro
reagent, or other similar or related article that is intended for use in the diagnosis of disease or
other conditions, or in the cure, mitigation, treatment, or prevention of disease, or intended to
affect the structure or any function of the body and which does not achieve any of its primary
intended purposes through chemical action within or on the body or by being metabolized.
Non-limiting examples of "medical devices" according to this definition include devices such
as endoscopes and laparoscopes; pipettes and micropipettes; catheters; infusion equipment;
recycling systems for biological fluids; implanted feeding tubes; irrigators; delivery systems
for drugs, medicaments, biological molecules, nutrients, inorganic compounds, etc.;
implantable pumps and tubing thereof; intradural drug injection and feeding systems; in situ
delivery modules for neurological drugs and neurotransmitters; markers and biomarkers and

derivatives thereof; contrast agents; etc.

[0110] In addition to the invention of the single head substrate-less waveguide LIFT, two

additional system concepts are provided for methods and systems for printing. The first of
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these relates to a multi-head device where the device comprises a plurality of heads; in some
embodiments, these systems comprise a plurality of multi-head devices. The second concept
is a system that combines at least two of the four basic technologies defined above,
integrating them into a single apparatus. This integrated technology provides a single
comprehensive solution for processes that in require several independent machines in the

printing methods known in the art.

[0111] In one embodiment of the invention, a system is disclosed in which one or more
materials are jetted onto the required substrate at specific dimensions. If required, excess
material can be removed, textured, processed or patterned to a predefined size and shape
utilizing predefined retrievable data. In another embodiment of the invention, a method of

jetting and processing the material is disclosed.

[0112] According to another embodiment of the invention, a system is disclosed, wherein
other treatments to the material is activated by e.g., the third or fourth component of the

combined head, thus completing a full printing process.

[0113] It is within the scope of the invention to disclose a system and method of swapping.
The term "swapping" refers herein to selecting one sequence of operation steps from two or

more different sequences of steps.

[0114] It is within the scope of the invention to disclose a printing system based on SL-LIFT
and/or LD LIFT and/or LIFT that can be used as a sintering and/or drying system with a

laser-based sintering head and/or a curing head.

[0115] A printing system based on SL-LIFT and/or LD LIFT and/or LIFT is disclosed that
combines or integrates two or more technologies selected, in a non-limiting manner, from
patterning, curing and sintering. The technologies may be used together in any sequence. In
some embodiments, the system additionally comprises a feedback mechanism. In some
embodiments, the feedback mechanism comprises technologies such as a sensor, array of
sensors, cameras, a source and detector; any other feedback mechanism(s) known in the art
may be used. In some embodiments, the system additionally comprises methods for one or

more of calibrating, registering and synchronizing.

[0116] The printing system herein disclosed can be used for any printing technologies known
in the art. Non-limiting examples include inkjet, screen printing, or exposure based

patterning systems.
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[0117] In some embodiments, the system comprises (i) at least one reservoir, at least one of
said reservoirs at least partially filled by a material, (ii) at least one energy source, said light
source is selected in a non-limiting manner form one or more members of a group consisting
of: one or more lasers; one or more heating filaments; any other suitable mechanism and
applicable means adapted to bring a required energy into said reservoir at a required location;

and any combination thereof.

[0118] In some embodiments, multiple independent energy sources are used. In preferred
embodiments, these energy sources are selected from the group consisting of continuous
wave (CW) lasers; and pulsed lasers. In other embodiments, the multiple independent energy
sources may also comprise a local low-power laser for each printing head, each laser

comprising a gain mechanism such as a ytterbium fiber.

[0119] In some embodiments, the temperature of the reservoir(s) is controlled by a heating
mechanism and/or by a thermoelectric heater/cooler, thus improving the donor material's

properties for printing, shelf life, and/or stability.

[0120] In some embodiments, the system further comprises at least one waveguide with

additional optics such as lenses, mirrors, coatings, or other optical elements.

[0121] In some embodiments, the system further comprises a reservoir that can be filled in

such way as to reduce or eliminate any need to disassemble or remove the printing head.

[0122] In some embodiments, the system comprises a plurality of reservoirs. The plurality of
reservoirs may be a multi compartment reservoir; a plurality of independent reservoirs; or a
sequence or train of reservoirs in fluid connection and fed by one or more central reservoirs.
In some embodiments, the plurality of reservoirs are in fluid connection with one or more

printing heads.

[0123] A comprehensive printing solution head is presented herein. The head is adapted to be
mounted on a system in the same manner that an inkjet printing head is integrated in a
printing system. The multi-technology printing head is integrated in a system with
accessories as lasers, material reservoirs, control and electronics systems, adjustable
mechanical interface and other accessories needed to operate the system’s technology heads.
The multi-technology head software interfaces by a predefined interface control document
(ICD) to the platform’s software. The control is a part of operating system and calibration
and maintenance system. Hence for example, the control mechanism is adapted to be

responsible for scanning modules in the patterning head and sintering head; and is set to
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operate in synchronization with the jetting head according to the aforesaid calibration. In
some embodiments, the multi-technology head includes an SL LIFT and/or LD LIFT head
with one or more of the following: another SL LIFT head, sintering head, patterning head, an

UV curing head and any combination thereof.

[0124] The systems and methods in the present invention are based on the physical
phenomena of standard LIFT material distribution. Reference is now made to FIG. 1,
illustrating schematically the LIFT process as it is known in the prior art: a transparent
substrate (1) is coated with a thin film of the transferred material (3, the "donor"). A layer of
donor material 3 faces the receiver substrate (7, the "acceptor"). There may be an
intermediate layer between the substrate and donor layers. A laser pulse (4) induces a local
thermal excitation that results in rapid heat transfer to the donor material, generating a gas
bubble (5) at the predefined focus point. The gas bubble rapidly travels to the surface and
injects a droplet (6) from the boundary between the donor material and the ambient

environment to the surface of the acceptor.

[0125] Reference is now made to FIG. 2, which illustrates schematically (not to scale) one
embodiment of the improved LIFT system disclosed in the present invention. Unlike LIFT
systems and methods known in the art, in the present invention, the donor material itself is
used as the donor substrate. FIG. 2A provides a general illustration of the system. A
reservoir (9) contains the donor material (10). An energy source or means for transferring
energy from an energy source is disposed so as to be able to transfer energy to the donor
material within the reservoir. In the embodiment shown in FIG. 2, the energy source is a
laser external to the reservoir, the light from which is transferred to the donor material via a
waveguide (8). Any other appropriate energy source known in the art can be used, however.
Non-limiting examples of energy sources used in embodiments of the invention not
illustrated in FIG. 2 include an electric arc or electronic resistance mechanism. The reservoir
comprises at least one opening 9b that enables material to exit. While the size of the opening
is not critical to the operation of the system, in typical embodiments, it much larger than
nozzles in typical inkjet printing heads. The increased size of the opening relative to those
typically found in inkjet printing heads enables flow of large particles and of viscous
materials without clogging the system. In preferred embodiments, the opening's largest
dimension D4 (or diameter in embodiments in which it is circular) is at least 100 pm, and

may range up to several mm. In order to enable refilling of the reservoir without loss of
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material during the refilling, in preferred embodiments, the reservoir is provided with a

stopper 9a.

[0126] In some embodiments of the invention, one or more heating and/or cooling
mechanisms are in thermal connection with the reservoir. The viscosity of the material is
controlled via heating of the material, while cooling can improve the shelf life of the material.
In preferred embodiments of the invention, the heating mechanism is selected from the group
consisting of resistive heating by at least one electrical filament, laser energy, and resistive
heating from electrical current flowing through the reservoir walls; any other heating
mechanism known in the art may be used as well. In preferred embodiments of the invention,
the cooling mechanism is selected from the group consisting of thermoelectric coolers such
as a Peltier module, heat pipes, and fluid flowing through the reservoir walls; any other

cooling mechanism known in the art may be used as well.

[0127] The reservoir may be constructed from any of a variety of materials. Non-limiting
examples of suitable materials for construction of the reservoir include plastics such as poly-
and oligo- carbonates, metals and metal-containing compositions; and organic and inorganic
compositions. Materials such as plastics that enable printing of acid materials are used in

preferred embodiments.

[0128] The size of the opening of the reservoir (D4) can be adjustable or fixed. Adjustment
of the opening of the reservoir enables control of the meniscus curvature in relation to the
type of material, viscosity and required printing parameters. In some embodiments, control of
the meniscus curvature is achieved by electro-wetting of the walls, heating of the material,
heating or coating the walls of the opening, or a combination thereof. Control of the
meniscus curvature is essential in order to receive uniform droplet properties from each
energy source. In some embodiments of the invention, a vacuum or partial vacuum in the

reservoir controls the boundary of the surface with the ambient environment.

[0129] Reference is now made to FIG. 2B, which provides a close-up (not to scale) view of
the LIFT process as it is performed in the novel system of the present invention. The distal
end of the energy source is placed at a distance D1 from the reservoir opening; in general, the
energy source will be submerged in the donor material. D2 represents the overall width of
the energy source, while D3 the width of the core (active area, e.g. the waveguide in cases in
which the energy source is a laser). Upon application of energy, a gas bubble 11 is generated

in the donor material. If a receiver substrate is placed facing opening 9b, an SL-LIFT process
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will occur in which the energy source in the reservoir acts as the donor substrate, without any

necessity for a separate donor substrate.

[0130] The parameters of the energy applied to the donor material are controllable by a
central mechanism, such as a laser with controllable PRR, PW, power, and rise time, an
electrical pulse generator connected to the arc, and/or a resistance element. These
embodiments can comprise one or more additional or alternative energy sources, such as a
CW laser, electronic heater element, or any other heating module known in the art, that heat
the material and thus modify its viscosity to a value adequate for the required printing
parameters. In addition to control of the energy and viscosity, control of D1, the distance
between the end of the energy source and the surface of the material, adds degrees of freedom

setting droplet size and frequency of the process.

[0131] Reference is now made to FIG. 3, illustrating in a non-limiting manner and not to
scale a one embodiment of an SL-LIFT process that can be performed using the system
disclosed herein. The process illustrated in FIG. 3 is referred to herein as the "five step SL-
LIFT process." In step 1, a pulse of energy is applied from the energy source, causing a gas
bubble to form (step 2). In step 3, the gas bubble forces donor material toward the reservoir
opening 9b. Jetting, i.e. the bubble and donor material exit the reservoir and encounter the
receiver substrate, occurs in step 4. Finally, in step 5, donor material from within the
reservoir refreshes the interface. The frequency with which these steps can be repeated in a
system comprising a single energy transfer means (e.g. a single waveguide) will depend on
the system refresh time, which depends on the properties of the material (e.g. viscosity,

surface tension, etc.) and on the waveguide parameters (D1, D3).

[0132] Reference is now made to FIG. 4, illustrating a qualitative energy profile for the
deposition of energy as a function of time during one embodiment of an SL-LIFT process
performed by using one embodiment of the system disclosed herein. As shown in the figure,
it is possible to decrease the refresh time by preheating the material prior to application of the
pulsed laser energy, by application of a heat source such as a continuous wave (CW) laser or
quasi-CW laser, in order to provide local heating of the material before pulse energy required
for the SL-LIFT process itself. In this way one can produce a local reduction in the viscosity
and the surface tension of the donor material before the jetting. This SL-LIFT process leads
to a decreased refresh time of the material and an increased frequency. Moreover, throughput
of the system increases and hence enables an additional degree of freedom in controlling and

managing the droplet volume.
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[0133] Reference is now made to FIG. 5, which illustrates schematically (not to scale) one
reservoir in an embodiment of the system herein disclosed in which the system comprises at
least one reservoir into which a plurality of energy sources or energy transfer means (e.g. a
plurality of waveguides) have been introduced. In the particular embodiment illustrated in
the figure, energy is transferred from a single energy source 15 such as a laser to energy
distribution head 14. The energy distribution head can divide the input energy into N parts,
or can distribute the energy in time, e.g. by diverting the energy sequentially to each of the
energy transfer means 13. In the case in which the energy source is a laser or lasers, the
energy transfer means can be a plurality of N waveguides. The energy is then transferred
simultaneously or sequentially to the donor material 10. Donor material removed from the
reservoir is replaced by material stored in a material feeder (16) that is in fluid connection

with the reservoir.

[0134] Reference is now made to FIG. 6, illustrating a sequence of steps for an SL-LIFT
process performed in the system herein disclosed according to one embodiment of the present
invention. As shown in the figure, the system and method herein disclosed enable filling the
reservoir without any necessity for disassembly and assembly of the apparatus of which the
reservoir is a part, e.g. a printing head, or for extracting the apparatus from the location in
which it has been place, e.g. in the case of a tube implanted in situ in the body of a patient or

in online fluid connection with an organ of patient's body.

[0135] As shown in FIG. 6, in preferred embodiments, the reservoir opening is closed while
the reservoir is being filled in order that material will not flow out of the reservoir. In
preferred embodiments of the invention, the opening can be opened and closed by control of
the adjustable opening mentioned above, or by manipulation of a plug or stopper (9a)
connected to the waveguide. In embodiments such as the one shown in FIG. 6 in which the
plug is physically attached to the waveguide, vertical motion of the waveguide will bring the
plug into position to seal the reservoir opening. Additionally or alternatively, any other
mechanical plug that can be electrically or vacuum controlled such as mechanical plugs,

solenoids, and vacuum controllers, can be used.

[0136] In the SL-LIFT process, in contrast to standard LIFT, throughput is also derived from
the refresh rate, in addition to the laser PRR and other parameters. The refresh rate is
controlled by the viscosity of the material, as stated above regarding the heating; additionally

or alternatively, it can be controlled by movement of the waveguide, an electric arc, or other
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energy transfer mechanism. Mechanical movement, such as a stirring in a lateral movement,

applying ultrasonic vibration, etc., can be used to increase the refresh rate.

[0137] Reference is now made to FIG. 7, illustrating (not to scale) non-limiting embodiments
of the end tip of the waveguide in which it has been treated to improve the system
performance and enable additional capabilities. A local intermediate layer 18 can be
provided (FIG. 7A) by any method known in the art such as coating or gluing. An
intermediate layer made of material with higher thermal conductivity than that of the
waveguide will improve the efficiency of the heat transfer relative to a waveguide that lacks
the intermediate layer, and also enables deposition of materials that are transparent at the

output wavelength of the laser.

[0138] Cleaning of the energy transfer means is essential, since residual material may
accumulate on its distal end, degrading system performance. In some embodiments, coating
of the end tip with hydrophobic material, or shaping of the end, is performed as a preventive
measure. In some preferred embodiments, mechanical cleaning of the tip is performed, for
example, by extending the tip and brushing off excess material with an automatic or semi-

automatic mechanism.

[0139] In some embodiments of the invention, passive components are added to the tip of the
waveguide. FIG. 7B presents a schematic illustration of a waveguide to which a lens (19) has
been added. FIG. 7C presents a schematic illustration of a waveguide tip to which Graded
Index (GRIN) material (19a) has been added. In other embodiments, not shown in FIG. 7,
plates are added to assist focusing and to provide improved light transfer to the material.
Active components as MEMS and micro mirrors can be used to scan and distribute the
energy at various locations on the meniscus and in the extracted state of the waveguide can be

used to pattern, ablate and sinter the printed material.

[0140] Reference is now made to FIG. 8, presenting a non-limiting schematic illustration (not
to scale) of another embodiment of the SL-LIFT system disclosed in the present invention, an
overall view of which is provided in FIG. 8A. In this embodiment, the system comprises a
transparent rotatable cylinder (20) submerged in the reservoir; energy transfer means (e.g. a
waveguide) (22) that transfers the energy to the donor material, a scanning mechanism (23),
such as Galvo, MEMS, micro mirror or other scanning apparatus that directs the energy to a
predetermined spot on the surface of the cylinder; and a mechanism for heating and cooling.

As the cylinder rotates, it is coated with donor material, analogous to gravure printing, so that
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fresh material is continually presented to the energy transfer means. A close-up view of the
scanning mechanism, the energy transfer means, and the rotatable cylinder presented in FIG.
8B. In this embodiment of the system, the SL-LIFT process comprises (1) coating of the
cylinder with donor material by rotation in the reservoir; (2) providing an energy pulse when
a coated area reaches the floor of the reservoir, thereby initiating the LIFT process; and (3)

removing and recoating the cylinder with donor material as it continues to rotate.

[0141] In another embodiment of the invention, the cylindrical LIFT mechanism provides a
dual technology head, serving both as an ablation patterning head and a printing head. One
mode of operating said dual head is cleaning any material coating the cylinder; focusing
energy on the printed substrate, which is possible because no material is coated on the
cylinder; and scanning with the scanning mechanism (23) and removing or patterning

according to predefined data.

[0142] Reference is now made to FIG. 9, which illustrates (not to scale) an SL-LIFT printing
head comprising the rotating cylinder illustrated in FIG. 8. This printing head incorporates an
advanced LIFT means, at least one first energy source (25) and at least one second energy
source (30); an energy distribution mechanism (26) that is configured to receive the energy
output of the energy sources and distribute it to the donor material (see FIG. 5), at least one
first material feeding source (27) in fluid connection with the reservoir, at least one second
material feeding source (31) in fluid connection with the reservoir, an adjustable mechanical
interface (28) configured to manipulate and fix the tilt and orientation of the printing head,

and a feedback mechanism to control the printing process.

[0143] Reference is now made to FIG. 10, providing a non-limiting schematic illustration of
another embodiment of a printing head according to the present invention. A plurality of N
printing heads are mounted on a system and have interfaces to the energy distribution system
(26), the material feeding source or sources (27), the electronics of the platform, the control
mechanism of the platform and the platform software. The system interfaces are described in

detail below.

[0144] One non-limiting example of a method of use of the embodiment illustrated in FIG.
10 is as follows. A printing target (31a) is mounted on an x, y, z precision stage (31b) which
brings the target to a predetermined position under the printing head. As there is a plurality of
independent reservoirs, each head can hold a different material. If, for example, the system is

being used to produce a printed circuit, a plurality of conductive lines is printable in a
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predefined accurate orientation. Specific points of a non-conductive material are then
printable, e.g., in an orthogonal orientation, thus providing an x-y grid of printed lines
provided on one platform and by a single process. For such applications as 3D printing, N
layers of up to N different materials can be printed in a single operation with or without

complementary processes, such as patterning, sintering, or curing.

[0145] Material flow to the head reservoir is controlled by and supplied from the main
material feeding system (27) or systems (27, 31) containing the various materials. The system
controls the flow. In some embodiments of the invention, filling of the reservoir is achieved
by use of stopper 9a (FIG. 2); in embodiments comprising a cylindrical head, the cylinder is

moved into position to close the reservoir's opening in order to enable filling of the reservoir.

[0146] In preferred embodiments of the invention, mechanical control of the system is an
integrated module of the commercially available inkjet printing heads. The orientation
towards the platform is adjustable e.g., by means of a screw mechanism (28). Degrees of
freedom are angles Oy and 6z. Ox is mechanically aligned due to larger tolerances. The
mechanical interface enables interface, communication, compatibility and integration with
the other components of the multi technology head, the LIFT system (SL-LIFT, LD-LIFT, or
other LIFT), the patterning head, the sintering head, UV curing head, thereby establishing a
combined multi-technology united head. In systems where accuracy and resolution are less

critical, the head is fixed to the system without the degrees of freedom for alignment.

[0147] Reference is now made to FIG. 11, which presents non-limiting examples of a number
process step sequences that are possible using the apparatus illustrated in FIG. 10. Four non-
limiting examples of basic sequences are illustrated in FIG. 11A. These basic sequences
illustrate that unlike systems known in the art, the system of the present invention is capable
of providing multiple technologies such as jetting, patterning, and sintering/drying in a single
instrument rather than having to provide separate instruments for each process. Three non-
limiting examples of complex sequences are illustrated in FIG. 11B. In Complex Sequence
#1, N materials are jetted, followed by patterning and sintering or drying. In Complex
Sequence #2, N layers of different materials are printed with complementary processes in

between. A combination of these processes is illustrated by Complex Sequence #3.

[0148] Reference is now made to FIG. 12, which provides a schematic illustration of the
various system interfaces and control mechanisms. The control system operates according

one or more of the following: data and material data provided from a feedback mechanism,
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predefined material information which comprises inter alia droplet size and dimensions,
material types etc. The control system further adapted (i) to receive data from the feedback
mechanism for the process control; and (ii) to tune droplet parameters, such as speed, power,
etc. The control system can further be set to control the movement of energy sources,
scanning mirrors, optics, temperature cooling and heating, timing, cleaning according to

feedback etc.

[0149] The control system of the head receives pattern data and material data from the
platform and transforms it to coordinates and parameters required by the printing head. Non-
limiting examples of such parameters include line dimensions; locations and orientation of
the lines; line height, width, length, shape and line space; the type of material being used; and
parameters determining whether or not patterning, sintering, or UV curing is required. The
control system is also configured to receive data from the feedback mechanism for process
control the process and for tuning of printing parameters such as speed and power. Non-
limiting examples of system functions that may be controlled by the control system in
preferred embodiments include the movement of the energy source, movement and
positioning of the scanning mirror, movement and positioning of the optics, the temperature
to be provided by the heating or cooling system, timing of cleaning, and the feedback

mechanism.

[0150] Material flow to the reservoir is remotely controllable; material is supplied from a

main material feeding system retaining one or more materials.

[0151] The electrical interface supplies power, inter alia, to the distributing head mechanism,
and controls mirrors, fibers, heating and cooling mechanisms, reservoir operation etc. The
electrical interface is provided via one or more connectors and includes means for electrical

control of the waveguide(s), fibers of the energy source etc.

[0152] Reference is now made to FIG. 13, which illustrates schematically (not to scale) a
non-limiting embodiment of a feedback mechanism according to the present invention. In
preferred embodiments, the feedback mechanism is incorporated into the printing head. A
sensor array such as a CCD or CMOS (32) or any other suitable array, photo-detector, quad
detector or other power detector is mounted in or on the head. In various embodiments, the
feedback mechanism may be integrated with the light source 33 or waveguide 35.
Additionally or alternatively, it may be mounted external to the waveguide, for example, near

the energy source 34 or one or more additional energy sources 34a. In preferred embodiments
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of the invention, the feedback mechanism is used to calibrate and synchronize the printing
head(s) and to provide process control for processes such as printing, patterning, sintering,

and/or UV curing.

[0153] Reference is now made to FIG. 14, illustrating a non-limiting example of a calibration
sequence according to one embodiment of the invention. The multiple heads are can be
calibrated during assembly. The calibration is provided by calibration targets that are pre-
manufactured or printed by the jetting head. The calibration is supported by the control
system, electronic mechanism and software. The calibration output is saved and used by the
application software. In the most preferred embodiments, each head can be calibrated
independently with sufficient accuracy to support calibration of the multi-technology head.
In preferred embodiments of the invention, the calibration mechanism that calibrates the
printing head is based on the feedback obtained by the feedback mechanism. In the system
herein disclosed, calibration and registration targets can be pre-prepared on the printed
platform or printed by the jetting mechanism and acquired by the feedback mechanism by

any appropriate mechanism known in the art such as a sensor array, CCD, CMOS, etc.

[0154] An example of how the system disclosed in the present invention can combine into a
single systems functions which, in systems known in the art, are performed by separate
instruments is illustrated in FIG. 15. The figure illustrates schematically sintering and
printing modules of a system according to one embodiment of the invention disclosed herein.
Each module comprises an x-y scanner (23a and 23b, respectively), optics (121 and 117,
respectively), an operating mechanism (120 and 116, respectively), and energy transfer
means such as a waveguide (118 and 114, respectively). In the embodiment shown, both
waveguides bring light to their respective module from a single laser (not shown in the

figure), unlike systems known in the art, which would require two separate energy sources.

[0155] If the sintering is performed, for example, to produce a printed material, the sintering
will be geometry-dependent. The method of sintering comprises steps of monitoring the
printed substrate and providing feedback to the system from the results of the monitoring,
thereby measuring levels of sintering of the material in real time and on-line, and defining its
physical dimensions. In one embodiment of the invention, a first pass of the head measures
the geometrical properties of the printed lines. Feedback R(x,y) as a function of power, and
the energy source in the sintering head is initiated. The sintering power is controllable and
has various wave forms; energy can be raised constantly, in a high rise time method or other

wave form. In this way, sintering time and sintering quality of the printed line are optimized.
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[0156] Reference is now made to FIG. 16, which illustrates a non-limiting embodiment of the
steps of a sintering process used by the system disclosed in the present invention. Data is
received from feedback mechanism 190 and from manufacturing data 191 provided to the
system. The necessary system parameters are then calculated (192) from these values. From
prior knowledge of the material being sintered and its dimensions, a power function P(x, y) is
calculated and provided to the sintering module. The power function may also include
parameters related to scanning, power, speed and other process parameters (194). Once the
power function is calculated, the energy source provides power to the module, with the power
supplied to the module when it is focused on any given point according to the power

function.

[0157] The final form of the printed material is obtained by combining processes of jetting
and patterning. The process of jetting comprises depositing the donor material on a receiver
substrate. Excess material is then removed by use of the patterning head. Process steps such
as ablation of excess material are then performed, for example, by pulsing energy from an
energy source, a focusing and scanning it on the printed substrate. Non-limiting examples of

process steps were given above (see FIG. 11).

[0158] It is known in the art that various materials and inks are cured by energy of UV
wavelength. It is in the scope of the invention wherein the UV curing head is adapted to emit
energy at a required predefined wavelength to cure these inks. A feedback mechanism and a
previously obtained pattern data are both utilizable in emitting energy at a required location
R(x,y). In preferred embodiments, the UV source is a UV diode, laser diode, UV LED, or UV
lamp. Alternatively or additionally, UV light can be distributed to the various curing heads

via a laser distribution mechanism (105), as discussed above.

[0159] In preferred embodiments of the system herein disclosed, modules with independent
functionalities are combined into a single LIFT system. Reference is now made to FIG. 17,
schematically illustrating one embodiment of such a system. The system illustrated in FIG.
17 integrates four modules in a single head: a laser jetting head (112); a laser patterning head

(111); a laser sintering head (110); and an UV curing head (110a).

[0160] According to one embodiment of the invention, a jetting head based on substrate-less
laser induced forward transfer (SL-LIFT) comprises one or more of the following: one or
more pattering heads, one or more drying heads, one or more sintering heads and one or more

UV curing heads. The combined apparatus acts as a single device and interfaces the system as
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one integrated mechanism. The energy, material, electronics, control and other feedings to the
apparatus are the same in a single and a multi-head system. It is in the scope of the invention
wherein the system comprises one or more jetting heads with patterning abilities, a jetting
head with sintering abilities; and a jetting head with patterning abilities and sintering head,
combination with an UV curing head etc. A single or a plurality of energy sources is provided
in the system according to the required application. Multiple material feeders of different

substances are incorporable in the system according to a required application.

[0161] Reference is now made to FIG. 18, illustrating a non-limiting example (not to scale)
of a full LIFT system according to one embodiment of the invention. The LIFT system may
comprise any or all of LIFT, LD-LIFT, or SL-LIFT. The SL LIFT or LD LIFT or LIFT head
prints patterns as 180, 180a and 180b, a feedback mechanism as 181, 182 and/or 176 which
acquires the shapes printed on the acceptor (178). The coordinates of the shapes and their
dimensions are related to a x,y location relative to the printed patterns (180, 180a,180b) and
relative to the x, y stage (179). The sintering, patterning or UV curing head (171), operates
according to the feedback parameters, and by controlling the laser or energy source (170) and
the scanning mechanism (173) and effective sintering, patterning and curing is achieved. The
source and detector of the feedback mechanism can be separated (181, 182) or integrated into

a single mechanism (176).

[0162] Reference is now made to FIG. 19, schematically illustrating (not to scale) the "local
donor LIFT" (LD-LIFT) process of the present invention and how it contrasts with the
standard LIFT process known in the prior art. The standard LIFT process described above
and illustrated in FIG. 19A comprises a substrate (201), a donor material (202), and focusing
elements (203). FIG. 19B illustrates schematically what in principle would happen if the
substrate were reduced in size to the point where only that part of the substrate and donor
material heated by the laser remained (~20 microns surrounding the laser spot). In such a
case, the standard LIFT process would continue to operate since the interaction between the
energy source and the material 206 that is plated or coated on the donor substrate 205, and the
consequent LIFT process, will be the same as in the standard prior art LIFT setup shown in

FIG. 19A.

[0163] Reference is now made to FIG. 19C, which illustrates schematically one embodiment
of the present invention, in which donor material 215 is embedded in or is part of the
reservoir or flows through it. The fundamental physical interaction between the energy

source and the donor material will thus be the same as that shown in FIG. 19B and hence the
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same as in the standard LIFT shown in FIG. 19A, demonstrating that a LIFT process will
occur under conditions in which the material resides in or flows through the reservoir, even
lacking a donor substrate. This process is referred to herein as "Local Donor LIFT" (LD-

LIFT).

[0164] The invention herein disclosed incorporates introduction of the local donor or donors
into a reservoir (215), which continues to support a standard LIFT mechanism, thus deriving
a "local donor LIFT" method and systems thereof. Reservoir (215) may incorporate a flow of
material, thereby refreshing the local donor (205) and enabling high frequency and

continuous printing.

[0165] While the preceding disclosure has emphasized those embodiments of the system and
methods herein disclosed that are most relevant to printing technology, production of medical
devices via LD-LIFT and/or SL-LIFT is also within the scope of the invention. Reference is
made now to FIG. 20, schematically illustrating a system comprising a micro-tube LIFT
distribution mechanism, an illumination source, a feedback mechanism, all embedded or
otherwise incorporated in a tubular medical device. Illumination source (110) is selected from
a LED, SLED, laser diode or any other illumination source which emits light into a fiber or a
bundle of fibers, thereby and illuminating an area that the material is deposited to. This
arrangement feedbacks sensor (111) to position, and provides accuracy and high yields in
deposition of the material distributed by micro-tube (109). Reservoir (109) is embedded into,
in fluid connection with, or otherwise incorporated to the medical device. An additional
energy source (102a) functions as either feedback mechanism or a heating mechanism is
transferred through the waveguide or alternatively, through an additional waveguide, and

submerged in the material stored in the reservoir.

[0166] In preferred embodiments of the invention, it further comprises means for moving
each waveguide along its longitudinal axis. Non-limiting examples of such means include
piezoelectric, magnetic, and microelectromechanical systems (MEMS). In some
embodiments of the invention, these means are configured to be able to translate the

waveguide(s) entirely out of the reservoir(s).

[0167] It is lastly in the scope of the invention wherein a system as defined in any of the
above comprises a camera monitor to support registering, calibrating and monitoring of the

printing, patterning and sintering process.
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CLAIMS

A system for performing substrateless and/or local donor Laser Induced Forward Transfer
(LIFT), wherein said system comprises:

a reservoir (9) comprising at least one opening; and,

an energy source configured to deliver energy to a donor material within said reservoir

and thereby initiate a LIFT process.

The system according to claim 1, wherein said energy source comprises at least one source
selected from the group consisting of a laser; a heating filament; an electric arc; and an

electronic resistance mechanism.
The system according to claim 2, wherein said energy source is a pulsed laser.

The system according to claim 1, additionally comprising energy transfer means (8) for

transferring energy from said energy source to a donor material within said reservoir.

The system according to claim 4, wherein said energy source comprises a laser and said

energy transfer means comprises a waveguide.
The system according to claim 5, wherein said waveguide is movable along its z-axis.

The system according to claim 6, additionally comprising a waveguide positioning system
selected from the group consisting of a piezoelectric system, a magnetic system, and a

microelectromechanical system (MEMS).

The system according to claim 5, comprising at least one additional optical element in optical

communication with a light beam passing through said waveguide.

The system according to claim 8, wherein said additional optical element is selected from the

group consisting of lenses, mirrors, filters, scanning elements, and optical coatings.

The system according to claim 9, wherein said optical element is disposed at a distal end of

said waveguide.

The system according to claim 1, additionally comprising a material feeder in fluid

connection with said reservoir.

The system according to claim 1, additionally comprising cleaning means for cleaning at least

one of said waveguide and said energy source.

The system according to claim 1, additionally comprising temperature regulating means for

regulating temperature of material within said reservoir.
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The system according to claim 13, wherein said temperature regulating means are selected
from the group consisting of an electric current passing through at least one wall of said
reservoir; thermoelectric heater; thermoelectric cooler; Peltier module; irradiation by a CW

laser; irradiation by a quasi-CW laser; irradiation by a pulsed laser; and heat pipes.

The system according to claim 1, additionally comprising surface shape controlling means for

controlling a surface shape of said material.

The system according to claim 15, wherein said surface shape controlling means are selected
from the group consisting of electro-wetting, coating, heating of a reservoir wall surrounding

said opening, and any combination thereof.

The system according to claim 1, wherein said system comprises a plurality of energy

sources.

The system according to claim 1, wherein said system comprises a plurality of energy

transfer means.

The system according to claim 1, wherein said system comprises a plurality of reservoirs,

each of which comprises at least one opening.

The system according to claim 19, comprising a plurality of material feeders, each of which

is in fluid contact with at least one of said reservoirs.

The system according to claim 20, additionally comprising a plurality of donor materials,

wherein each of said material feeders contains no more than one donor material.

The system according to claim 19, wherein at least a portion of said plurality of said

reservoirs are in sequential fluid connection.

The system according to claim 1, wherein said reservoir comprises a plurality of

compartments, each of which comprises at least one opening.

The system according to claim 1, additionally comprising a plug (9a) configured to close said

opening.

The system according to claim 6, additionally comprising a plug configured to close said

opening, said plug physically connected to said waveguide.

The system according to claim 1, additionally comprising adjustment means for adjusting the

size of said opening.
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The system according to claim 1, additionally comprising preheating means for preheating

material within said reservoir.

The system according to claim 27, wherein said preheating means are selected from the group

consisting of CW lasers and quasi-CW lasers.

The system according to claim 4, additionally comprising a plurality of energy transfer means
and energy distribution means for distributing output of said energy source among said

plurality of energy transfer means.

The system according to claim 1, additionally comprising a rotatable cylinder (20) disposed
within said reservoir such that said rotatable cylinder is in contact with said donor material
and such that energy from said energy source is deposited on an interior surface of said

rotatable cylinder.
The system according to claim 30, wherein said rotatable cylinder is transparent.

The system according to claim 30, additionally comprising a scanning mechanism (23), said
scanning mechanism disposed to accept energy from said energy source to direct at least a

portion of said energy to a predetermined spot on a surface of said cylinder.

The system according to claim 32, wherein said scanning mechanism is selected from the

group consisting of Galvo, MEMS, and micro mirrors.

The system according to claim 30, comprising a folding and scanning mirror and focusing
optics, said mirror and optics disposed within said cylinder so as to focus energy from said

energy source onto a spot on a surface of said cylinder opposite to said opening.

The system according to claim 30, wherein said rotatable cylinder is translatable to a position

that closes said opening.

The system according to claim 30, additionally comprising an intermediate plate of thermally

conducting material is coated on said cylinder.

The system according to claim 1, additionally comprising at least one printing head in fluid

connection with said reservoir.

The system according to claim 37, wherein said reservoir is disposed within said printing

head.

The system according to claim 37, additionally comprising a local energy source in each of

said printing heads, said local energy source comprising a gain mechanism.
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The system according to claim 39, wherein said gain mechanism comprises a ytterbium gain

fiber.

The system according to claim 37, additionally comprising at least one component selected
from the group consisting of jetting heads, patterning heads, sintering heads, and UV curing

heads.

The system according to claim 41, comprising a patterning head, said patterning head
comprising laser ablation means, said laser ablation means comprising a scanning mechanism

disposed to accept energy from a laser and to apply said energy to a predetermined surface.

The system according to claim 41, comprising a sintering head, said sintering head
comprising a scanning mechanism disposed to accept light from a laser and to direct it to a

predetermined location.

The system according to claim 41, additionally comprising at least one of calibration means

and synchronization means.

The system according to claim 37, additionally comprising a distributor configured to
distribute material in a method selected from the group consisting of substrateless LIFT and

local donor LIFT.

The system according to claim 1, wherein said energy source is a pulsed laser, and
additionally comprising laser parameter controlling means for controlling at least one laser
parameter selected from the group consisting of pulse width, pulse repetition frequency, pulse

power, and pulse shape.

The system according to claim 1, wherein said energy source is an electric arc, and
additionally comprising a signal generator in communication with said electric arc, said
signal generator configured to control at least one parameter selected from the group

consisting of energy, power, pulse duration, pulse shape, and pulse repetition {requency.

The system according to claim 4, wherein said energy transfer means is coated with a

hydrophobic coating.

The system according to claim 30, wherein at least one selected from the group consisting of
said energy distribution means and at least one of said energy transfer means is coated with a

hydrophobic coating.

The system according to claim 4, additionally comprising an intermediate plate of thermally

conductive material disposed at a distal end of said energy transfer means.
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The system according to claim 5, wherein said waveguide additionally comprises a graded

index element.

The system according to claim 1, additionally comprising flow means for providing a

continuous flow of material through said reservoir.

The system according to claim 1, additionally comprising a feedback mechanism that
supports at least one of calibration, synchronization, alignment, and process control of said

system.

The system according to claim 53, wherein said feedback mechanism comprises at least one
component selected from the group consisting of a sensor, array of sensors, cameras, a source

and detector, and any combination thereof.

The system according to claim 1, additionally comprising alignment screws disposed to

provide 0y, 6,, and 0, alignment.

The system according to claim 1, additionally comprising a sensor that acquires a printed
target that has been printed on a different system or a target printed by this system in the

same session.

The system according to claim 1, comprising a sensor configured to measure at least one
parameter of material printed by said system, and provides feedback to at least one system

selected from the group consisting of process control, sintering, and curing.

The system according to claim 1, additionally comprising a medical device in fluid

connection with said reservoir.

The system according to claim 58, wherein said reservoir is disposed within said medical

device.

The system according to claim 1, additionally comprising at least one tube providing a fluid

connection between said reservoir and a medical device.

The system according to claim 60, wherein one end of said tube is embedded in said medical

device.

The system according to claim 58, wherein said medical device is selected from the group
consisting of instrument, apparatus, implant, and in vitro reagent, intended for use in the
diagnosis, cure, mitigation, treatment, or prevention of disease or other conditions, or in the

cure, mitigation, treatment, or prevention of disease, or intended to affect the structure or any

33



63.

64.

65.

66.

67.

68.

WO 2014/061024 PCT/IL2013/050845

function of the body and which does not achieve any of its primary intended purposes

through chemical action within or on the body.

The system according to claim 58, wherein said donor material is selected from the group
consisting of acids, bases, buffers, metals and metal-containing compositions; organic and
inorganic compositions, such as salts, alcohols, ketones, aldehydes, ethers, esters, amines,
amino acids, amides, organophosphorous compounds, proteins, and metalloproteins, lipids,
phospholipids, DNA, RNA, drugs, prodrugs, vitamins, provitamins, medicaments, nutrients,
enzymes, hormones, neurotransmitters, and any derivatives, precursors, combinations,

reaction-products and mixtures thereof.

The system according to claim 1, wherein said reservoir is constructed of a material

compatible with an acidic donor material.

A multi-component LIFT system for printing, sintering, cleaning, curing, and patterning,
comprising at least one printing head selected from the group consisting of a printing head
that operates by substrateless LIFT; a printing head that operates by local donor LIFT; and at
least one additional head selected from the group consisting of a sintering head and a UV

curing head.

A method of transferring a donor material to an acceptor substrate, wherein said method
comprises:
introducing a quantity of said donor material into a reservoir comprising at least one
opening;
placing said acceptor substrate opposite to said opening;
providing an energy source disposed to provide energy to said donor material;
applying at least one pulse of energy from said energy source to said donor material,
thereby providing local heating to said donor material sufficient to create a bubble
within said donor material and thereby forcing a portion of said donor material out
of said reservoir via said opening onto said acceptor substrate; and,

refreshing said donor material.

The method according to claim 66, wherein said method does not comprise any step

involving the use of a donor substrate.

The method according to claim 66, additionally comprising replenishing said donor material

from a material feeder in fluid connection with said reservoir.
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69. The method according to claim 66, additionally comprising preheating said donor material

prior to said step of applying at least one pulse of energy.

70. The method according to claim 66, additionally comprising:
providing a rotatable cylinder in contact with said donor material and within which
folding and scanning mirror and focusing optics are disposed so as to focus energy
from said energy source onto a spot on a surface of said cylinder opposite to said
opening; and,

rotating said cylinder such that it is at least partially coated with said donor material.

71. The method according to claim 66, wherein said energy source is a pulsed laser, and
additionally comprising:
providing a waveguide disposed so as to transfer energy from said pulsed laser to said
donor material; and,
transferring from said pulsed laser to said donor material energy produced in said step

of applying energy.

72. The method according to claim 71, additionally comprising:
providing a plurality of waveguides disposed so as to transfer energy from said energy
source to said donor material;
providing an energy distribution mechanism disposed so as to accept energy from said
laser and to distribute it among said plurality of waveguides; and,
distributing among said plurality of waveguides energy provided in said step of

applying energy by use of said energy distribution mechanism.

73. The method according to claim 71, additionally comprising positioning said waveguide by
use of a positioning system selected from the group consisting of a piezoelectric system, a

magnetic system, and a microelectromechanical (MEMS) system.

74. The method according to claim 71, additionally comprising cleaning at least one of said

waveguide and said energy source.

75. The method according to claim 66, additionally comprising providing a plurality of energy
sources; wherein said step of applying energy comprises applying energy {rom said plurality

of energy sources.

76. The method according to claim 66, additionally comprising:
providing a plurality of reservoirs, each of which comprises at least one opening; and,

introducing said donor material into each of said reservoirs;
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wherein said step of applying energy comprises applying energy to said donor material within

at least one of said plurality of reservoirs.

The method according to claim 76, wherein said step of introducing said donor material into
each of said reservoirs comprises introducing a different donor material into each of said

reservoirs.

The method according to claim 76, additionally comprising providing a plurality of material
feeders, wherein each of said reservoirs is in fluid connection with one of said plurality of
material feeders, wherein said step of refreshing comprises refreshing from at least one of

said plurality of material feeders.

The method according to claim 71, additionally comprising:
translating said waveguide to a feedback position in which a distal portion of said
waveguide extends beyond said opening prior to said step of applying energy;
using a feedback mechanism to assess the quality of the material transferred to said
acceptor substrate;
retracting said waveguide to a printing position following said step of using a feedback
mechanism and prior to said step of applying energy; and,

retracting said waveguide to a refresh position following said step of applying energy.

The method according to claim 71, additionally comprising:
disposing a plug about said waveguide; and,
translating said waveguide such that said plug closes said opening when said quantity

of donor material falls below a predetermined minimum.

The method according to claim 66, additionally comprising regulating temperature of said

donor material within said reservoir.

The method according to claim 81, wherein said step of regulating temperature comprises
regulating temperature by means of temperature regulating means selected from the group
consisting of an electric current passing through at least one wall of said reservoir;
thermoelectric heater; thermoelectric cooler; Peltier module; irradiation by a CW laser;

irradiation by a quasi-CW laser; irradiation by a pulsed laser; and heat pipes.

The method according to claim 67, additionally comprising controlling a surface shape of

said donor material.
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The method according to claim 83, wherein said step of controlling a surface shape of said
donor material comprises controlling said surface shape by means of surface shape
controlling means selected from the group consisting of electro-wetting, coating, heating of a

reservoir wall surrounding said opening, and any combination thereof.

The method according to claim 66, additionally comprising adjusting the size of said

opening.

The method according to claim 66, additionally comprising at least partially coating said

energy source with a hydrophobic coating.

The method according to claim 71, additionally comprising at least partially coating at least

one of said energy source and said waveguide with a hydrophobic coating.

The method according to claim 66, wherein said energy source is a pulsed laser, and
additionally comprising controlling at least one laser parameter selected from the group

consisting of pulse width, pulse repetition frequency, pulse power, and pulse shape.

The method according to claim 66, wherein said energy source is an electric arc, and
additionally comprising controlling at least one parameter selected from the group consisting
of energy, power, pulse duration, pulse shape, and pulse repetition frequency by means of a

signal generator.

The method according to claim 66, additionally comprising flowing said donor material

continuously through said reservoir.

The method according to claim 66, additionally comprising:
providing a feedback mechanism; and,
using said feedback mechanism to perform at least one step selected from the group
consisting of calibrating, synchronizing, aligning, and performing process control on

a system comprising said energy source, said reservoir, and said donor material.

The method according to claim 91, wherein said feedback mechanism comprises at least one
component selected from the group consisting of a sensor, array of sensors, cameras, a source

and detector, and any combination thereof.

The method according to claim 66, additionally comprising providing at least one printing

head in fluid connection with said reservoir.

The method according to claim 93, wherein said step of providing at least one printing head

comprises incorporating said reservoir into said printing head.
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The method according to claim 93, additionally comprising:
at least one step selected from:
providing at least one jetting head;
providing at least one patterning head;
providing at least one sintering head; and,
providing at least one UV curing head;
if a jetting head is present, jetting said donor material subsequent to said step of
applying energy;
if a patterning head is present, patterning said donor material subsequent to said step of
applying energy;
if a sintering head is present, sintering and/or drying said donor material subsequent to
said step of applying energy; and,
if a UV curing head is present, curing said donor material subsequent to said step of
applying energy.
The method according to claim 66, additionally comprising providing a medical device in

fluid connection with said reservoir.

The method according to claim 96, additionally comprising disposing said reservoir within

said medical device.

The method according to claim 96, additionally comprising providing a fluid connection

between said reservoir and said medical device by means of a tube.

The method according to claim 98, additionally comprising embedding one end of said tube

in said medical device.
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