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METHOD OF AND APPARATUS FOR TRANSFERRING MATERIAL FROM A CARRIER TO A
SUBSTRATE BY LASER IRRADIATION

Field of the Invention

The present invention relates to the transfer of material from a carrier to a substrate via

radiation induced transfer.

Background of the Invention

There is a desire to design and fabricate bio-compatible structures, for example micro
arrays for use in sensors and biomedical testing. Prior art techniques for placing biological

material on a substrate include photolithography, spotting and ink jet printing.

Summary of the Invention

According to a first aspect of the present invention there is provided an apparatus for
transferring material from a carrier to a substrate, the apparatus comprising:

a source of electromagnetic energy; and

a spatial modulator;
wherein energy from the source of electromagnetic energy is spatially modulated by the
spatial modulator so as to allow transfer of energy to the carrier to be controlled, and

whereby irradiation of the carrier causes the material to be transferred to the substrate.

It is thus possible to use electromagnetic energy, for example light, to allow parallel
writing of a variety of materials onto a substrate where the materials are transferred by

laser induced forward transfer (LIFT).

Preferably, the spatial modulator is a spatial light modulator. A number of competing
technologies may be used as a spatial light modulator. Digital micro mirror devices are
particularly useful as such commercially available devices having a transmission wave
length from the ultraviolet to the infrared thereby enabling light more freedom of choice in

the selection of a laser light source.

According to a second aspect for present invention there is provided an apparatus for

’

removing organic or polymer materials from a substrate, comprising a source of infra-red,
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visible or ultra-violet light, a spatial light modulator and an array of focussing elements for
directing the light that has been spatially modulated by the spatial light modulator onto the

substrate so as to cause light induced transfer of material from the substrate.

According to a third aspect of the present invention there is provided a method of forming
a structure on a substrate using a light induced transfer apparatus comprising a laser, a
spatial light modulator, and a carrier medium, where the spatial light modulator is
interposed in an optical path between the laser and the carrier medium, and the substrate is
adjacent the carrier medium, the method comprising;

a) defining a write pattern for a deposition step and;

b) controlling the spatial light modulator such that light irradiates the carrier medium

in accordance with the write pattern.

Brief Description of the Figures

The present invention will now be described by way of example only, with reference to the

accompanying figures, in which:

Figure 1 schematically illustrates an apparatus constituting an embodiment of the present

invention;

Figure 2 schematically illustrates use of the arrangement shown in Figure 1 to perform

micro-stereo lithography; and

Figure 3 schematically illustrates an apparatus which combines an embodiment of the

present invention with the micro-stereolithography apparatus to form an integrated system.

Description of Example Embodiments of the Present Invention

Figure 1 schematically illustrates an apparatus constituting an embodiment of the present
invention for parallel writing of materials onto a substrate. As schematically shown in
Figure 1 the apparatus comprises a laser 2 for producing a beam of light 4 which impinges
on a spatial light modulator 6. The spatial light modulator may be selected from any
appropriate technology such as LCD array or digital micro mirror array. The spatial light

modulator 6 is responsive to signals from the controller 8 such that individual pixels within
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the spatial light modulator 6 can be used to selectively pass or inhibit, as appropriate,
passage of light from the laser towards a micro lens array 10 and ultimately towards a
carrier 12. The lenses within the micro lens array act to focus the laser light towards a
surface 14 of the carrier 12. In use a substrate 20 is positioned adjacent the surface 14 of
the carrier 12 and advantageously is moveable with respect to the lens arréy 10. The
substrate may be carried on a single, two or three axis moveable table which are
commercially available. However, for completeness, the table may be connected to a
worm drive 22 such that actuation of a motor, such as the stepper motor 24, causes a
carriage 26 to translate along a helically threaded rod 28. Thus, the position of the

substrate 20 can be accurately controlled in one or more directions.

The laser 2 may be selected to be a continuous light source, or a pulsed laser. Light from
the laser is spatially modulated by the spatial light modulator 6 and then delivered to the
micro lens array 10. The micro lenses are readily available components already used in
printing technology, imaging technology and the like. Suitable micro lenses may have
focal lengths of up to lem and can focus to a 10 micrometer spot size, and can be
transparent from the deep ultra violet to the near infrared (200 nanometres - 2000
nanometres). In use, the lens size and laser power have to be matched such that energy in
the order of 50 to 100 micro joules can be brought to a focus for each individual spot 40 at
the surface 14 of the carrier 12. Given that energy densities of 100 joules per centimetre
squared can be employed, a 1cm? device with 100 to 1000 spots can be envisaged (with
lens dimensions being in the order of 1000 to 200-300 micrometres) and consequently
dense deposition patterns of the order of ten thousand spots per square centimetre can be

built up with 10 to 100 write steps.

As shown in Figure 1 the carrier 12 comprises a transparent film 42 with an absorber layer
44 formed at the first surface 14. The function of the absorber there is to absorb the laser

energy and to enhance ejection of the material 50 carried on the absorber layer 44,

The absorber layer may consist of a thin film of metal, for example having a thickness of
between 10 and 100 nanometres. Where the material 50 to be transferred is a cell or other
bio material bio-compatible metals such as silver, platinum and gold may be used. The

metal absorber material transfers with the ejected material 50. The absorber layer may also
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consist of a thin film of a photo-decomposing polymer, again in the range of 10 to 100
nanometres thickness. Photo-decomposing polymers with a high absorption coefficient for
the chosen laser wavelength can be used as an absorber material. The examples of suitable
polymers are triazene polymers. These polymers have a photoactive triazonium group
within the main chain of the polymer which enables explosive decomposition of the
polymer by radiation. The decomposition products of these polymers are gases and do not
contaminate the transferred material 50. Finally, the carrier 12 carries the material 50
which is to be transferred. Suitable transfer materials are liquids, polymers, powders,
complex biomaterials such as DNA and proteins, and even entire cells. Tests by the
inventor have shown that cells can and do survive laser induced forward transfer using the
technologies described herein. The carrier 12 loses material during the write process and
therefore must be translated with respect to the micro-lenses to introduce fresh regions as
the carrier for a subsequent write step. Given that the carrier is typically a thin film, then
the film may be wound from one spool to another, such as from a supply spool 70 to a take
up spool 72 (not to scale). Alternatively, the carrier may be held in a carousel such that
translation or rotation of the carousel can cause different parts of a film to be exposed for
writing or different films carrying different materials to be selected for subsequent write

steps. Thus, multiple target materials can be deposited onto the substrate 20.

The laser 2 has been assumed to have a constant intensity profile over its beam width.
However, many standard laser beams have a gaussian spatial intensity profile whereas the
ideal intensity profile for use with a spatial light modulator would be a “top hat” beam
profile. Therefore, beam shaping optics may be introduced between the laser and the
spatial light modulator. Alternatively, the profile of the laser beam may be obtained (either
by assumptions that it has a gaussian profile, or by using one or more photo detectors to
measure the beam profile) and the control signals to the pixels within the spatial light
modulator may be varied such that those pixels in the less intense regions of the laser beam
transmit the beam for longer compared to those pixels in the more intense regions such that
the product of transmit time by beam intensity during any writing step is substantially
uniform. Electrical compensation of the beam intensity profile is only really appropriate

with continuous light lasers.
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The ejection path of particles from the carrier 12 to the substrate 20 is substantially normal
to the carrier surface. The carrier and the substrate are separated by a distance generally of
between 0.1 and 10 millimetres and hence small deviations in the ejection path can lead to
the deposited material landing at a site which does not correspond to the intended position
for that material. An optical imaging system comprising a light source 80 and a camera 82
may be used to monitor the surface of the substrate 20 in order to determine where the or
each deposited item of material has landed and to compare the actual landing position with
the desired landing position. An error estimate can be formed and this can either be used
as a simple quality metric or where systematic offsets can be determined then the substrate
20 may be translated with respect to the lens array in order to correct for the error. If it is
determined that, for example, one of the carrier films in the carousel is slightly bowed then
the write step may be sub-divided into a variety of write steps and the substrate may be
moved slightly between each one of these sub write steps in order that, overall,

approximately the correct deposition pattern is achieved on the substrate.

Figure 2 schematically shows an alternative arrangement in which the spatial light
modulator and lens array can be used within’ a micro-stereo lithography system for the fast
prototyping of 3D objects through photo-polymerisation of photo curable polymers. The
feature sizes produced in such a stereo lithographic process are dependent on the laser
pulse length. With continuous or nanosecond lasers, features on a micrometer size can be
produced whereas with femto second lasers sub wavelength features of the order of 100
nanometres can be written. Examples of bio-compatible photo-curable materials include
biodegradable polymers such as poly (e-caprolactone) or poly (L-lactide) based polymers
and silicate based in organic-organic hybrid polymers, known as ORMOCERs
(ORganically MOdified CERamics).

The biodegradable polymers are useful as candidates for scaffolding materials in tissue
engineering to give initial rigidity to artificial tissues. They also have the advantage of
degrading during formation of the extra-cellular matrix, yielding a scaffold-free engineered
tissue. ORMOCERs, on the other hand, do not decompose under biological conditions, and
can be used to produce permanent and rigid scaffolds or constructs for analysis platforms,
such as micro-cantilevers. It has been shown that organic materials, and even cells, will

survive suspension within the photo-curable polymers and hence parallel writing followed
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by vertical translation of the substrate with respect to the surface of a liquid polymer bath
can be used to simultaneously write a scaffold or 3 dimensional structure which includes
biomaterial such as living cells. The apparatus described can be used as a ‘tissue
synthesiser’; i.e. a single device by which complex tissues with multiple cell types can be
generated de novo in a multistep process. Such an arrangement is illustrated in Figure 3.
In the first step a pattern of living cells is written into a matrix of photo-polymerisable
biocompatible material 100 as described hereinbefore with respect to Figure 1. In a second
step the carrier is removed from the optical path and the relative separation between the
lens array 10 and the surface of the photocurable polymer is altered such that the light is
focussed onto the surface to cure the polymer. It may be desirable to form some alignment
features in the polymer such that optical inspection can be performed to ensure that each
step is in correct alignment prior to activating the write or cure steps. Thus a scaffold can
be generated around the living cells by photopolymerisation of the matrix. Reiteration of
these two steps yields a scaffold containing living cells that can be further grown into
artificial tissue. Combining the two techniques also allows incorporation of
vascularization 101 (or blood vessels) into the tissue, which is necessary for délivering
nutrients and oxygen to and waste products from cells embedded within the tissue. This
enables engineering of tissues larger than ~100-200 micrometer in thickness, which is the
upper limit of tissues engineered without vascularization. This stepwise deposition also

allows for incorporation of different cell types 102, 103 in a single engineered tissue.

Unexpectedly, the orientation of the apparatus can make a difference to the transfer
process. It might be assumed that the process would work best if the carrier was placed
above the substrate such that the material transferred in the same direction as the local
gravitational field (whether this be due to a massive object or due to acceleration) but in
fact the process can give better results when transferring against the direction of the local

gravitational field.

Additionally, as the ejection and stopping of, for example, cells can be traumatic for the
cell, transferring against the prevailing gravitational direction reduces the deceleration that

the cell experiences.
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In the case of the tissue synthesiser, as shown in figure 3, the apparatus will be used with
the carrier placed above the substrate (along the direction of the gravitational field). Since
the substrate consists in this case of a film of viscous medium 100 (ORMOCER or
biodegradable polymers) the energy of the impact will be greatly reduced and dissipated

throughout the viscous medium, hence enhancing cell survival on impact in this case.

The transfer apparatus may also have a pressure controlled chamber around the substrate
and carrier such that changes in gas pressure (and hence density and viscosity) can be used

to control object speed at the time of impact with the substrate.
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CLAIMS

1. An apparatus for transferring material from a carrier to a substrate, the apparatus
comprising;
a source of electromagnetic energy; and
-a spatial modulator
wherein energy from the source of electromagnetic energy is spatially
modulated by the spatial modulator so as to allow transfer of energy to the carrier to
be controlled, and whereby irradiation of the carrier causes the material to be

transferred to the substrate.

2. An apparatus as claimed in claim 1, further including a beam profile compensator
for compensating the spatial distribution of electromagnetic energy across the

spatial modulator.

3. An apparatus as claimed in claim 1 or 2, further including a controller for
controlling the times that individual ones or groups of pixels within the modulator
direct electromagnetic energy towards the carrier such that a product of time and

energy for each pixel reaches a target value.

4. An apparatus as claimed in any one of the preceding claims, in which a plurality of
carriers are provided in a carousel, such that different carriers carry different

materials for transfer to the substrate.

5. An apparatus as claimed in claim 4, in which the carousel can be moved in

response to a controller.

6. An apparatus as claimed in any of the preceding claims, further comprising on
imaging system for imaging the substrate to verify the suitability of the substrate to

receive the materials and/or to verify that the material has been placed correctly.
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9
An apparatus as claimed in claim 6, in which a controller monitors the placement of
material from a deposition step and uses this information to modify the position of

the substrate and/or the modulator pattern for a subsequent deposition step.

An apparatus as claimed in any one of the preceding claims, further comprising a
holder for a stereo-lithographic material, and wherein the spatial modulator is used

to control irradiation of the stereo-lithographic material.

An apparatus as claimed in any preceding claim, in which the material on the

carrier is an organic material.

An apparatus as claimed in any one of the preceding claims, in which the source of

electromagnetic energy is a laser and the energy is infra-red, visible or ultra-violet

light.

An apparatus for removing organic or polymer materials from a substrate,
comprising a source of infra-red, visible or ultra-violet light, a spatial light
modulator and an array of focussing elements for directing the light that has been
spatially modulated by the spatial light modulator onto the substrate so as to cause

light induced transfer of material from the substrate.

A method of forming a structure on a substrate, using a light induced transfer
apparatus comprising a laser, a spatial light modulator, and a carrier medium, where
the spatial light modulator is interposed in an optical path between the laser and the
carrier medium, and the substrate is adjacent the carrier medium, the method
comprising;

a) defining a write pattern for a deposition step and;

b) controlling the spatial light modulator such that light irradiates the carrier

medium in accordance with the write pattern.

A method as claimed in claim 12, further comprising at least one further deposition

step.
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14. A method as claimed in claim 12 or 13, further including the step of curing a

photopolymer.
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