
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

03
4 

28
1

A
1

TEPZZ¥Z¥4 8_A_T
(11) EP 3 034 281 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
22.06.2016 Bulletin 2016/25

(21) Application number: 14004333.2

(22) Date of filing: 19.12.2014

(51) Int Cl.:
B29C 67/00 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(71) Applicant: Max-Planck-Gesellschaft zur 
Förderung der 
Wissenschaften e.V.
80539 München (DE)

(72) Inventors:  
• Melde, Kai

70188 Stuttgart (DE)
• Fischer, Peer

79100 Freiburg (DE)

(74) Representative: v. Bezold & Partner Patentanwälte 
- PartG mbB
Akademiestraße 7
80799 München (DE)

(54) Method and apparatus for fabricating a component

(57) A method of fabricating a component (1) com-
prises the steps of providing precursor material in a work-
ing medium, creating acoustic forces and positioning the
precursor material in the working medium under the ef-
fect of the acoustic forces, so that a material distribution
is formed, which has a shape of the component to be
fabricated, and subjecting at least one of the material
distribution and the working medium to a fixation, so that

the pre-cursor material of the material distribution or the
working medium surrounding the material distribution is
bound, wherein the step of creating the acoustic forces
includes generating an acoustic interference pattern (5),
and the material distribution (4) is formed by moving the
precursor material (2) towards energy extrema of the
acoustic interference pattern (5). Furthermore, an appa-
ratus (100) for fabricating a component (1) is described.
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Description

[0001] The invention relates to a method of fabricating
a component having a one-, two- or three-dimensional
geometry, wherein the shape of the component is ob-
tained by utilizing an acoustic field and the effect of
acoustic forces and by fixating a shape that forms in the
acoustic field. This may be achieved by accumulating a
material, like e. g. discrete particles in the pressure nodes
formed by the acoustic field. Furthermore, the invention
relates to an apparatus for fabricating a component, in-
cluding an acoustic source device for forming an acoustic
field that gives rise to a shape, including shapes formed
by a particle distribution by acoustic forces, and a fixation
device for fixating a shape of the particle distribution. Ap-
plications of the invention are available in the fields of
fabricating materials with arbitrary shapes, e.g. for rapid
prototyping purposes, and the assembly of materials.
[0002] Rapid prototyping methods play an increasing
role in a broad range of technical applications, e.g. for
fabricating model components or precursor materials.
Conventional rapid prototyping is based on a serial ad-
dition of one- or two-dimensional structures, resulting in
a complex two- or three-dimensional component. This
includes the rapid prototyping method that is known as
3D printing. As a general disadvantage, the serial grow-
ing of the component is an additive, time-consuming
method. Therefore, the application of conventional rapid
prototyping is typically limited to the fabrication of single
components. Routine applications of rapid prototyping or
the fabrication of small batches is challenging. Further-
more, the conventional techniques of rapid prototyping
may have limitations in terms of the available geometries
of the components to be fabricated. The geometry has
to be selected such that the shape of the growing com-
ponent does not restrict the subsequent addition of one-
or two-dimensional structures. Or alternately, a sacrificial
material has to be used that fills those areas that will
constitute openings or voids after post-processing. The
sacrificial or filler material has to be removed in a post-
processing step. It follows that one clear disadvantage
is that fully enclosed hollow spaces can in general not
be fabricated by conventional rapid prototyping methods.
[0003] Parallel fabrication methods have been pro-
posed in US 2012/0068383 A1 and by M. Caleap et al.
in "PNAS", vol. 111, 2014, p. 6226-6230. Particle distri-
butions are formed under the effect of acoustic forces
applied to particles in a liquid. The acoustic forces are
formed by standing waves in a resonator accommodating
the liquid with the particles. Although the shape of the
standing waves can be influenced by the shape of the
resonator and the number and arrangement of acoustic
transducers, there is a strong limitation with regard to the
achievable component geometry. The component can
be fabricated with a shape formed by the superposition
of standing waves, in particular with a specific symmetry
only. Each particular shape to be fabricated requires an
adapted resonator geometry and transducer arrange-

ment, thus seriously limiting the flexibility in applying this
conventional technique. Often the object must show mir-
ror-symmetry with respect to the transducer arrange-
ment, thus further limiting the usefulness.
[0004] A first objective of the invention is to provide an
improved method of fabricating a component, based on
shaping a material distribution by the effect of acoustic
forces, wherein disadvantages and limitations of conven-
tional techniques are avoided. In particular, the fabrica-
tion method is to be capable to select the shape of the
component with increased flexibility, in particular allow-
ing irregular component shapes, and without a restriction
to standing wave geometries. A second objective of the
invention is to provide an apparatus for fabricating a com-
ponent, based on shaping a material distribution by the
effect of acoustic forces, wherein limitations and disad-
vantages of conventional techniques are avoided. In par-
ticular, the apparatus should allow the fabrication of com-
ponents with more complex shapes, and it is to be char-
acterized by a simplified structure and an improved
reconfiguration capability for fabricating components
having different shapes.
[0005] These objectives are solved by a method and
an apparatus for fabricating a component, comprising
the features of the independent claims, respectively. Pre-
ferred embodiments and applications of the invention re-
sult from the dependent claims.
[0006] According to a first general aspect of the inven-
tion, the above objective is solved by a method of fabri-
cating a component, wherein a precursor material is pro-
vided in a working medium and subjected to acoustic
forces (acoustic radiation forces), so that a material dis-
tribution is formed, which has a shape of the component
to be fabricated. At least one of the material distribution
and the working medium is subjected to a fixation, where-
in the material of the material distribution is bound or the
material of the material distribution is bound with the
working medium or the working medium is bound. The
fixation comprises a binding, including a solidification or
connection, of material and/or working medium constit-
uents.
[0007] According to the invention, the acoustic forces
are created by generating an acoustic interference im-
age, preferably in the working medium. The acoustic in-
terference image is formed by a plurality of sub-waves,
which interfere with each other. Due to the interference
of the sub-waves, the acoustic interference image is an
acoustic intensity and phase image, preferably at a loca-
tion in the working medium, and the acoustic interference
image has a distribution of intensity extrema (intensity
maxima and/or intensity minima). The acoustic interfer-
ence image is a stationary one-, two- or three-dimension-
al image, preferably in the working medium, which is
maintained during the operation of the acoustic source
device.
[0008] The material distribution is formed at the loca-
tion in the working medium, where the acoustic interfer-
ence image is created (focus region of the acoustic in-
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terference image) or in a neighbourhood thereof. In the
latter case, the focus region of the acoustic interference
image can be outside the working medium. The precursor
material is moved by the effect of the acoustic interfer-
ence image within the working medium. Depending on
the properties (compressibility, absorptivity, and reflec-
tivity) of the material and the working medium, different
acoustic forces act as translation forces onto the material
and the surrounding medium, which are caused by the
interaction with the acoustic interference image. Each
material constituent, e. g. particles of the material, in par-
ticular in a mixture or suspension, may therefore move
in a direction, which is determined by a gradient of the
energy, and once it has moved to an energetically more
favourable location, it can be held in this location or in
the neighbourhood thereof. Accordingly, the precursor
material is moved towards the energy extrema of the
acoustic interference image. Preferably, the precursor
material is collected around the energy extrema of the
acoustic interference image (accumulation at the energy
extrema) or at a holding surface, which is crossed by the
gradients of energy provided by the acoustic interference
image. The holding surface is a plane or curved surface
placed in the working medium or adjoining the working
medium. As an example, material constituents with a
compressibility which is lower than the compressibility of
the working medium are moved to the portions of the
acoustic interference image, which have minimum pres-
sure variations (e.g. pressure nodes). Otherwise, mate-
rial constituents with a compressibility which is larger
than the compressibility of the working medium are
moved to the portions of the acoustic interference image,
which have maximum pressure variations. Alternatively,
the material constituents are moved towards the energy
extrema and collected at the holding surface, which is e.
g. a wall of a container or a material carrier in the working
medium.
[0009] Usually, further forces act on the material to be
shaped in the working medium, like e. g. the gravitational
force. Other forces may include at least one of a force
due to a chemical potential, an electric field force, an
optical field force, and a magnetic field force. Subjecting
the material to acoustic forces includes adjusting the
acoustic forces in dependency on the further force(s), so
that the material distribution is formed. With an example,
if the material to be shaped comprises particles in a sus-
pension, that would otherwise sediment, the material
may be held against the gravitational force in the pressure
nodes of the acoustic field.
[0010] With the construction of the acoustic interfer-
ence image such that the precursor material is collected
according to the shape of the component to be fabricated,
the precursor material is arranged along a material dis-
tribution with one-, two- or three-dimensional topology
(line or surface/bulk, straight and/or curved) having the
shape to be created. Subsequently, the material distri-
bution is fixated. The precursor material of the material
distribution and/or the working medium are bound, so

that the shape of the material distribution is maintained
after the application of the acoustic forces.
[0011] According to a second general aspect of the
invention, the above objective is solved by an acoustic
fabrication apparatus, which is adapted for fabricating a
component and which includes an acoustic source de-
vice. The acoustic source device includes at least one
acoustic source, which is adapted for emitting acoustic
waves to a working medium, e. g. in an inner space of a
container or being held in free space. Preferably, the
acoustic waves have frequencies in a non-audible fre-
quency range, in particular ultrasound frequencies. Par-
ticularly preferred, the acoustic waves have a frequency
of at least 20 kHz, in particular at least 40 kHz, up to the
GHz-range.
[0012] According to the invention, the acoustic source
device is adapted for generating an acoustic interference
image, preferably in the working medium, wherein the
acoustic interference image is formed by interfering sub-
waves and has intensity extrema arranged according to
the shape to be obtained. Advantageously, the acoustic
interference image is not generated by a superposition
of acoustic standing waves, but by the interference of the
sub-waves.
[0013] The generation of the acoustic interference im-
age provides two key advantages of the invention: Firstly,
the generation of the acoustic interference image does
not require an acoustic resonator accommodating the
working medium with the particles. Accordingly, there are
no particular limitations with regard to the shape of a con-
tainer accommodating the working medium with the pre-
cursor material. The same container can be used for gen-
erating different acoustic interference images, i.e. for the
fabrication of components having different shapes. Sec-
ondly, compared with the conventional superposition of
standing waves, essentially more degrees of freedom
are offered by the acoustic interference image for con-
structing the shape to be obtained. Accordingly, the in-
vention is capable of creating components with more
complex shapes and with increased flexibility. In other
words, the acoustic fabrication apparatus has reduced
limitations with regard to the design of the container and
the arrangement of at least one acoustic source and an
increased flexibility in setting different shapes of the com-
ponent to be fabricated.
[0014] The term "acoustic interference image" refers
to an acoustic wave front, which is generated by interfer-
ence of sub-waves e. g. in the working medium. The sub-
waves are created e. g. by at least one acoustic diffraction
element and/or multiple acoustic sources. The acoustic
interference image is formed in a two- or three-dimen-
sional spatial region (image region, focus region). Pref-
erably, the material distribution is shaped in the image
region, in particular an image plane, of the acoustic wave
front. In this case, the material distribution is collected in
the focussed acoustic interference image. Alternatively,
it is possible, that the material is formed in a region of
the acoustic interference image, that is not an image
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plane of the acoustic wave front. In this case, the material
distribution is collected in a neighbourhood of the fo-
cussed acoustic interference image, i. e. in a non-fo-
cussed portion of the interference wavefront.
[0015] Advantageously, various techniques for gener-
ating the acoustic interference image are available, which
can be applied separately or in combination. Firstly, the
acoustic interference image can be created as a holo-
graphic pattern, in particular a holographic image (in the
following: first embodiment of the invention). Secondly,
the acoustic interference image can be generated by su-
perimposing acoustic waves generated with a plurality
of acoustic sources (in the following: second embodiment
of the invention). The acoustic sources can comprise e.
g. at last one acoustic array device (integrated array of
acoustic sources) or separate acoustic sources that are
positioned in different locations. Both of the first and sec-
ond embodiments can be combined for generating the
acoustic interference image.
[0016] According to the first embodiment, the holo-
graphic image is an interference pattern generated by
transmitting an acoustic wave (primary acoustic wave)
from an acoustic source via at least one acoustic diffrac-
tive element into the working medium. Advantageously,
one single acoustic source, like e.g. a piezo-electric os-
cillator can be arranged for transmitting the acoustic
wave to the acoustic diffractive element. Alternatively, a
plurality of acoustic sources and/or a plurality of acoustic
diffractive elements can be provided to generate the
acoustic interference pattern in the working medium, e.
g. inside the fabrication container or on at least one of its
sidewalls.
[0017] The term "acoustic diffractive element" refers to
a material, which is capable of an interaction with the
wave-front of the primary acoustic wave such that the
phases and/or amplitudes across the wave-front are spe-
cifically changed by diffraction. Each changed phase
and/or amplitude provides a sub-wave contribution for
the subsequent interference. The acoustic sub-waves in-
terfering with each other are created by the at least one
acoustic diffractive element. Preferably, the acoustic dif-
fractive element is used like a holographic plate in optical
holography or a diffractive optical element in projection
optics. After the interaction of the wave-front of the acous-
tic wave with the acoustic diffractive element, the acous-
tic interference image is generated by self-interference
of the acoustic wave, i.e. by interference of the sub-waves
in the working medium. The self-interference creates the
intensity distribution collecting the precursor material ac-
cording to the shape to be obtained.
[0018] The acoustic diffractive element is structured or
shaped such that it matches the wave front shape of the
primary acoustic wave and the acoustic interference im-
age to be obtained. The acoustic source creates e. g. a
plane or spherical primary acoustic wave interacting with
the acoustic diffractive element. However, the invention
is not restricted to the use of plane or spherical waves.
If other shapes of the wavefront initially generated by the

acoustic source are used, the structure of the acoustic
diffractive element can be adapted accordingly. The
structure of the acoustic diffractive element is calculated
using an algorithm for computer-based calculation of
holograms, as it is known from optics, e.g. with the Ger-
chberg-Saxton-Algorithm. The calculation can readily be
adapted to acoustics.
[0019] Preferably, the acoustic diffractive element is
an acoustic hologram. Advantageously, the acoustic
hologram may comprise a transmission hologram or a
reflection hologram. The transmission hologram is adapt-
ed for shaping the wave-front during the transmission of
the acoustic wave from the acoustic source to the location
where the material distribution in the working medium is
to be created. Using the transmission hologram may
have advantages in terms of the structure of the acoustic
fabrication apparatus and the geometry of directing the
acoustic interference image into the working medium.
For instance, the transmission hologram can be connect-
ed directly with the acoustic source, thus facilitating the
adjustment of the wave-front image emitted from the
acoustic source.
[0020] The reflection hologram is adapted for shaping
the wave-front of the acoustic wave by a reflection thereof
at the hologram material. The reflection hologram may
have advantages with regard to changing the wave-front
in the far field of the acoustic wave rather than in the near
field. Furthermore, the acoustic wave travelling from the
acoustic source to the location of forming the acoustic
interference image is reflected within the working medi-
um, i.e. the acoustic wave does not travel through an
additional solid medium of varying thickness (e.g. the
transmission hologram). Thus, the acoustic interference
image can be generated as a pure phase hologram. One
or more transmission hologram(s) and/or reflection holo-
gram(s) can be combined for creating the acoustic inter-
ference image.
[0021] According to the second embodiment of the in-
vention, the acoustic source device comprises multiple
acoustic sources, preferably at least one acoustic array
source. The acoustic sources, e. g. of the acoustic array
source, are individually controllable acoustic sources,
like e.g. piezo-electric oscillators, each of which being
adapted for emitting an acoustic wave. The acoustic sub-
waves interfering with each other are created by individ-
ually controlling the acoustic sources. The acoustic
waves of all individual sources are superimposed for gen-
erating the acoustic interference image in the working
medium. The acoustic array source is a phased-array
source, e. g. as known from ultrasound imaging applica-
tions. With the known position of the acoustic sources,
e. g. the acoustic array source, relative to the location of
generating the acoustic interference image, the single
acoustic sources can be specifically controlled such that
the wave-front of the superimposed acoustic waves has
the shape to be obtained. The second embodiment of
the invention has particular advantages with regard to a
simplified structure of the acoustic fabrication apparatus.
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The acoustic interference image can be generated with-
out the provision of an acoustic hologram, and the acous-
tic sources provide the full flexibility for creating different
shapes of the component to be fabricated.
[0022] According to a further advantageous modifica-
tion of the invention, the acoustic interference image can
be generated with varying acoustic waveform. Varying
the acoustic waveform includes at least one of varying
the acoustic frequency, acoustic amplitude and/or acous-
tic phase. The acoustic interference pattern changes with
time, by using a controller of the acoustic source device.
[0023] The acoustic waveform can be changed during
shaping the material distribution in the working medium.
Advantageously, slightly modulating the frequency would
move the location of intensity extrema, e. g. nodal planes,
a little. Combined with an adapted reaction time of the
fixation, this would allow an adjustment of geometric fea-
tures of the component, e. g. a wall thickness. Further-
more, the acoustic interference image can be switched
during shaping the material distribution in the working
medium, so that different patterns are created in a time-
sharing manner. The speed of forming the acoustic in-
terference image is higher than the speed of moving the
precursor material, so that multiple patterns can be su-
perimposed for forming an effective acoustic interference
image shaping the material distribution.
[0024] Alternatively, the acoustic waveform can be
changed after each fabrication step. Thus, varying the
frequency allows one to use a single printed hologram
for shaping components with different sizes. The size of
the component can be increased by reducing the fre-
quency and vice versa.
[0025] With a further advantageous modification of the
first and/or second embodiment of the invention, an
acoustic reference source can be provided, which is ar-
ranged for transmitting an acoustic reference wave into
the working medium. The acoustic reference source
comprises at least one acoustic source emitting the
acoustic reference wave to the location of the acoustic
interference image directly or via at least one acoustic
reflector and/or beam splitter. Thus, the acoustic source
of the acoustic source device creating the primary wave
can be used for creating the acoustic reference wave as
well. The acoustic reference wave travels to the location
of generating the acoustic interference image along a
reference direction deviating from the direction of the pri-
mary acoustic wave. Advantageously, the acoustic ref-
erence wave can facilitate the construction of the acous-
tic hologram and/or the acoustic interference image. Fur-
thermore, the acoustic energy input is increased by the
acoustic reference source.
[0026] Preferably, the acoustic fabrication apparatus
comprises a container being configured for accommo-
dating the working medium including the precursor ma-
terial. The container is a vessel (receptacle, tank), the
inner space of which can be filled with the working me-
dium. The acoustic source device is arranged for creating
the acoustic forces in the inner space of the container.

Accordingly, at least one acoustic source is arranged
within the container, integrated in a container wall or me-
chanically coupled with the container wall.
[0027] According to a further preferred variant of the
invention, the acoustic fabrication apparatus comprises
a fixation device, which is adapted for binding the pre-
cursor material and/or the working medium. Depending
on the type of binding, the fixation device can be provided
by a supply unit for introducing an external fixation input
into the container. Alternatively or additionally, if the fix-
ation input is given by thermal energy of the surrounding,
the fixation device can be provided by the container and
the acoustic source device holding the particle distribu-
tion during the fixation.
[0028] The fixation of the particle distribution is ob-
tained by a binding process between the precursor ma-
terial and/or within the working medium, while the mate-
rial distribution is kept with the shape determined by the
stationary acoustic interference image. In the particle dis-
tribution, the precursor material has different material
properties compared with the surrounding medium out-
side of the particle distribution. The precursor material
has a property that permits its binding or with the working
medium or suppresses a binding of the working medium
(if the surrounding medium is to be solidified).
[0029] Advantageously, various types of binding proc-
esses are available, which can be selected in depend-
ency on the features of the precursor material and the
working medium. If the material includes a reactive sub-
stance, which is capable of providing the binding reaction
at the operation temperature of the acoustic fabrication
apparatus, in particular at room temperature, the fixation
is obtained simply by maintaining the acoustic interfer-
ence image for a certain fixation time, e.g. in a range of
seconds to hours. Alternatively, the fixation is triggered
by supplying a fixation input, like at least one of thermal
energy input, an irradiation input and a fixation agent in-
put. For applying the thermal energy input, the fixation
device includes a thermal source, like e.g. an infrared
radiation source, directing thermal energy to the material
distribution. Alternatively, a light source can be provided
for directing the irradiation input to the material distribu-
tion. The light source may be adapted for emitting e.g.
visible light or ultra-violet light. The fixation agent is a
chemical substance which is capable of providing the
binding process between the particles. The fixation agent
is supplied into the working medium, e.g. via at least one
supply line or using a spray process.
[0030] According to a further preferred embodiment,
the whole precursor material of the material distribution
can be fixated simultaneously. The fixation affects all ma-
terial of the shaped material distribution at the same time.
Advantageously, this provides a parallel fabrication of
the component shape. In contrast to the conventional
rapid prototyping, the serial, time-consuming growth
process of a component is avoided.
[0031] With the inventive application of the acoustic
interference image, the material distribution is formed
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with the shape of the component to be obtained. Accord-
ing to an advantageous embodiment of the invention, the
fixated material distribution can provide the material to
be fabricated. The fixated material distribution is the com-
ponent to be obtained, which optionally can be subjected
to further finishing or processing steps.
[0032] Alternatively, the fixated particle distribution can
provide an intermediate product, which is subjected to
further processing in order to obtain the final component.
For example, the intermediate product can be used as a
carrier material for depositing a surface layer, made of
e.g. metal or plastics, or the intermediate product is used
for a molding process.
[0033] According to a further alternative, the working
medium surrounding the material distribution can be fab-
ricated as the component to be obtained or as an inter-
mediate product to be subjected to further processing
steps. With this embodiment, the fixation preferably in-
cludes the step of solidifying the working medium around
the fixated material distribution and separating the solid-
ified working medium from the fixated particle distribu-
tion. Advantageously, the component is formed with a
shape being complementary with respect to the shape
of the material distribution.
[0034] According to a further preferred variant of the
invention, the steps of generating the acoustic interfer-
ence image, forming the material distribution and sub-
jecting at least one of the material distribution and the
working medium to the fixation are repeated at least once.
A component fabricated in a first fabrication phase can
be used as an intermediate product for further fabrication
phases. The component provides a substrate for the ap-
plication of further material. A subsequent layer can be
formed with a new acoustic pattern, which in turn is so-
lidified, so that the shape of the final component is build
up in layers. Alternatively, a volumetric structure can be
build up successively from inner portions to outer portions
(’inside-out’).
[0035] It is also possible to keep the material distribu-
tion in the medium without separating the two, if this is
desired, and then both may be solidified.
[0036] As a further advantage of the invention, a broad
range of different precursor materials can be used, which
are capable of moving in the working medium by the ef-
fect of the acoustic interference image. Preferably, the
material comprises a flowable substance, including par-
ticles (precursor particles) or fluids. The material can be
chemically homogeneous, or it can comprise a compo-
sition of chemical substances. With preferred examples,
the precursor material comprise at least one of solid par-
ticles, granules, a powder, liquid particles, suspensions
of pastes, polymers, droplets, bubbles, polymeric, and
micellar particles, soft matter particles, and biological
cells.
[0037] Solid particles may comprise e.g. metal, semi-
conductor, amorphous, ceramic, or plastics particles.
Liquid particles, in particular droplets, can comprise e.g.
solutions of salts, dyes, organic molecules, chemical in-

itiators or inhibitors. The term "soft matter particle" refers
to material including both of liquid and solid substances,
like e.g. biological cells. The material may also contain
one or more of the aforementioned examples and thus
constitute hybrid material. The precursor particles may
have a shape of a ball, a cylinder, a cube, a pyramid, a
cone, a section thereof (truncated shape) or a superpo-
sition thereof. Alternatively, the material may have more
complex regular or irregular geometries.
[0038] The size of the precursor material is selected in
dependency on the working medium used and the size
of the component to be obtained. With preferred appli-
cations of the invention, the precursor particles have a
characteristic dimension smaller than or equal to the
wavelength of interest, e.g. diameter, of at least 1 mm,
preferably at least 10 mm and/or at most 5 mm, preferably
at most 1 mm. Preferably, the particles and the working
medium have the same mass density. Accordingly, the
material can levitate in the working medium. However,
this is not a requirement and the density difference may
be used to remove any particles that are not trapped in
the acoustic image for fixation.
[0039] The working medium used for carrying the pre-
cursor material and the shaped particle distribution gen-
erally comprises a flowable, gaseous or liquid medium,
including at least one of a gas, like e.g. air, sulphur hex-
afluoride, an inert gas such as nitrogen, or argon, a low
density gas such as helium, or a gas mixture, a liquid,
like e.g. water, an oil, an organic solvent, a buffer solution,
a molten substance, a slurry, which is a mixture of a liquid
and inert particles, an emulsion, a suspension, and a
foam. The gaseous working medium has particular ad-
vantages in terms of providing a higher acoustic contrast
compared with a liquid working medium. Accordingly,
larger acoustic forces can be applied to the particles.
[0040] Advantageously, components with various
shapes can be fabricated with the inventive method,
wherein the component has a main extension along a
line, a surface, or a three-dimensional volume. The ma-
terial distribution may form a topologically closed surface,
like e.g. a closed volume or a toroid shape. With a further
variant of the invention, the particle distribution may com-
prise at least two sub-distributions, which are created in
the working medium simultaneously, but with a mutual
separation. Furthermore, the material distribution may
comprise a structure for creating a hollow component.
[0041] According to a further preferred embodiment of
the inventive acoustic fabrication apparatus, the contain-
er may include a sub-container, which defines a sub-
volume of the container for accommodating the precursor
material and creating the particle distribution. Advanta-
geously, the efficiency of using the precursor material
can be improved by using the sub-container.
[0042] According to a further modification of the inven-
tion, the container may include a material carrier provid-
ing the holding surface. The material carrier can include
e. g. an acoustically transparent material carrier or at
least one of the container walls. This embodiment of the
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invention has particular advantages for using large pre-
cursor material constituents and/or creating the compo-
nent with a main extension along a surface (2-dimension-
al component). The acoustic pattern is used to arrange
material at the holding surface, e. g. the wall.
[0043] According to a particularly preferred embodi-
ment of the invention, inner walls of the container are
provided with acoustic absorbing and/or anti-reflection
materials. With the absorbing and/or anti-reflection ma-
terials, any influence of the inner walls on the formation
of the acoustic interference image can be suppressed.
[0044] Further details and advantages of the invention
are described in the following with reference to the at-
tached drawings, which show in:

Figure 1: a cross-sectional view of the first em-
bodiment of the inventive acoustic
fabrication apparatus using a trans-
mission hologram;

Figure 2: a modified variant of the first embod-
iment of the acoustic fabrication ap-
paratus, using a reflection hologram;

Figures 3 and 4: further modifications of the first em-
bodiment, wherein the acoustic fab-
rication apparatus is provided with a
sub-container or a material carrier,
respectively;

Figures 5 and 6: further details of transmission and
reflection holograms used accord-
ing to the invention;

Figure 7: a schematic illustration of providing
an acoustic reference source; and

Figure 8: a schematic illustration of the sec-
ond embodiment of an inventive
acoustic fabrication apparatus.

[0045] Preferred embodiments of the invention are de-
scribed in the following with exemplary reference to the
use of a liquid working medium, like e.g. water. It is em-
phasized that the invention is not restricted to this exam-
ple, but rather can be implemented with a gaseous work-
ing medium, like air, as well. Furthermore, it is empha-
sized that the practical application of the invention is not
restricted to the geometry of the described examples.
Depending on the particular use of the invention, in par-
ticular the shape of the container, the arrangement of the
acoustic source device and/or multiples thereof and/or
the geometry of acoustic beam path can be modified.
[0046] Exemplary reference is made to a particulate
material, but the invention is similarly applicable to accu-
mulating and assembling material in other forms or mix-
tures, in the form of granules, suspensions of pastes,
and/or polymers.

[0047] The drawings represent schematic illustrations
only. In a practical implementation, power supply and
control units are provided for operating the acoustic
source device and fixation device. In particular, control
units are provided for applying operation voltages to os-
cillators of acoustic sources, thus defining the amplitude,
frequency and phase of the primary acoustic waves emit-
ted by the acoustic sources.
[0048] According to Figure 1, the first embodiment of
the acoustic fabrication apparatus 100 comprises a con-
tainer 10, an acoustic source device 20 (with power
source and amplifier, not shown), a fixation device 30
and a control device 40. The container 10 comprises a
vessel with an e.g. cubic shape having an inner space
with a volume of e.g. 50 1. The walls 11 of the container
10 are made of e.g. glass, plastics, metal, like steel, or
ceramic. The upper side of the container 10 can be open
or closed. Preferably, the inner surfaces of the container
walls 11 carry a sound absorbing layer, made of e.g. elas-
tic plastic or rubber.
[0049] The acoustic source device 20 comprises an
acoustic source 21, which is connected with the control
device 40, and a transmission hologram 22. The acoustic
source 21 comprises e.g. a piezo-electric oscillator with
a diameter of e.g. 25 mm, which is supported by a metal
plate and which creates a primary acoustic wave with a
spherical wave front. The acoustic source 21 is arranged
in the container 10 such that the primary acoustic wave
is horizontally emitted.
[0050] The transmission hologram 22 is a planar plate,
which is arranged adjacent to the acoustic source 21 (in
the near field of the acoustic source 21, as shown) or
with a distance therefrom. The transmission hologram
22 is made of a plastic with a structure as described e.g.
with reference to Figure 5 below. The transmission holo-
gram 22 provides a so-called Fresnel hologram, which
allows a reconstruction of the acoustic interference im-
age 5 in the near field without additional imaging ele-
ments, like e.g. a transformation lens. In particular, a plu-
rality of columns is provided on the planar plate, wherein
the columns have different lengths perpendicular to the
planar extension of the transmission hologram 22. De-
pending on the length of the columns, a locally specific
phase shift can be applied to the wave front of the primary
acoustic wave. By scattering the primary acoustic wave
at the structure of the transmission hologram 22, a plu-
rality of sub-waves 7 is created, which interfere with each
other. An acoustic interference image 5 is obtained with
a distance of e.g. 2 cm from the acoustic source device
20.
[0051] The fixation device 30 is adapted for supplying
a fixation input to the inner space of the container 10, in
particular to the location of the acoustic interference im-
age 5. With a preferred example, the fixation device 30
comprises a thermal emitter for supplying thermal radi-
ation energy, e. g. an infrared source. The fixation device
30 is connected with the control device 40, which controls
the operation of the fixation device 30 simultaneously
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with the operation of the acoustic source device 20.
[0052] With a practical example of fabricating the com-
ponent 1, the container 10 of Figure 1 is filled with the
working medium 2, like e.g. water. Precursor particles 3,
like e.g. Polydime-thylsiloxan (PDMS) particles having a
diameter below 50 mm are distributed in the working me-
dium 2. According to the fabricating method of the inven-
tion, an acoustic interference image 5 is created by the
acoustic source device 20, wherein the acoustic interfer-
ence image 5 is characterized by intensity extrema cor-
responding to the shape of the component 1 to be ob-
tained. The PDMS particles form a particle distribution 4
by moving them to a volume with the shape of the com-
ponent 1.
[0053] After the formation of a particle distribution 4
with the shape of the component 1 to be obtained, the
fixation device 30 is activated for fixating the particles 3.
The time duration of forming the particle distribution 4
may comprise e.g. some seconds or minutes. By the ef-
fect of thermal radiation, the particles 3, which are in con-
tact with each other in the particle distribution 4 are bound
to each other. After a certain fixation time, the particle
distribution 4 is solidified, and it can be taken from the
container 10 as the component 1 to be obtained. After a
brief period of balancing the particle distribution, or refill-
ing the volume, in the working medium 2, the next com-
ponent 1 can be fabricated.
[0054] With another example, the precursor material
comprises air bubbles distributed in a liquid working me-
dium, e. g. liquid PDMS (like Sylgard 184, manufacturer
Dow Corning). The fixation comprises a setting of the
PDMS, obtained by thermal energy), so that a component
with a defined hollow space is obtained. According to a
further example, the precursor material comprises poly-
styrene particles in a liquid working medium, e. g. liquid
epoxy. After setting the epoxy, the component comprises
the solidified epoxy with the embedded particles.
[0055] Figure 2 illustrates a modified variant of the first
embodiment of the acoustic fabrication apparatus 100
with the container 10, the acoustic source device 20 and
the fixation device 30. The acoustic source device 20
comprises an acoustic source 21 as in Figure 1 and a
reflection hologram 23, which is positioned in the far field
of the acoustic source 21. The primary acoustic wave 6
is directed to the reflection hologram 23 with a frequency
of e.g. 1 MHz and a corresponding wavelength of 1.5 mm
in water. With the diameter of the acoustic source 21 of
25 mm and a sound velocity in the working medium 2 of
1498 m/s, the distance L between the acoustic source
21 and the reflection hologram 23 is larger than D2/(4*λ)
= 104 mm. The use of the reflection hologram 23 has
advantages in terms of a simple shape of the wave front
of the primary wave 6 in the far field and the travelling of
the primary wave 6 and the sub-waves generated by the
reflection hologram 23 exclusively through the liquid
working medium 2.
[0056] For fabricating a component 1, the acoustic
source device 20 is operated by a control device (not

shown in Figure 2) so that the acoustic interference image
5 is created in the working medium 2 and the precursor
particles 3 are collected as the particle distribution 4. After
the formation of the particle distribution 4, the fixation is
obtained by a fixation input introduced by the fixation de-
vice 30. With this embodiment, the fixation device 30 may
comprise e.g. an UV light source.
[0057] Figure 3 illustrates another variant of the first
embodiment of the acoustic fabrication apparatus as
shown in Figure 1. With this variant, the precursor parti-
cles 3 are not distributed in the working medium 2 in the
whole inner space of the container 10, but rather in a
sub-container 12. The sub-container 12 is supported in
the inner space of the container 10 at the location of form-
ing the acoustic interference image 5 with the acoustic
source device 20. The sub-container 12 comprises a ves-
sel with an e.g. cylindrical shape. At least one wall of the
sub-container 12 is formed by a layer material, like e.g.
a foil, which is adapted for transmitting the acoustic
waves into the sub-container 12. In operation of the
acoustic fabrication apparatus 100, the working medium
2 is filled into the sub-container 12 and the precursor
particles 3 are distributed within the working medium 2
in the sub-container 12. The sub-container 12 is im-
mersed in the remaining working medium 2 or another
liquid within the container 10 in front of the acoustic
source device 20. The particle distribution 4 is formed
and fixated as described above with reference to Figure
1.
[0058] According to a further variant of the first embod-
iment of the acoustic fabrication apparatus 100, a two-
dimensional particle distribution 4 can be formed as il-
lustrated in Figure 4. With this variant, the container 10
includes an acoustically transparent material carrier 13,
which is made e.g. of a polyester membrane. Particles 3
are sedimented on the material carrier 13 by the effect
of gravity. The acoustic source device 20 is arranged for
emitting the acoustic interference wavefront in a vertical
direction towards the particle carrier 13. According to the
shape of the acoustic interference image 5, a two-dimen-
sional arrangement of the particle distribution 4 is formed.
It is not necessary that the acoustic interference image
5 is focussed in the plane of the material carrier 13. Al-
ternatively, the acoustic interference image 5 is focussed
below the plane of the material carrier 13. The acoustic
forces move the particles 3 toward extrema of the acous-
tic interference image 5, and they are collected by the
holding surface of the material carrier 13. After the fixation
with the fixation device 30, the layer-shaped component
1 to be obtained can be taken from the container 10. The
variants of Figures 3 and 4 can be combined, i.e. the
particle carrier 13 can be arranged in a sub-container 12
in the inner space of the container 10.
[0059] As an alternative, the material distribution can
be formed at or close to a wall of the container 10, where
an acoustic interference image or another acoustic inter-
ference pattern can be formed at that location, thus de-
termining the shape to be obtained.
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[0060] Figure 5 schematically illustrates a cross-sec-
tional view of an acoustic source device 20, which can
be used e.g. with the examples of Figures 1, 3 or 4. The
acoustic source device 20 comprises a hollow carrier 26,
which has a shape of a cylindrical box with a sound trans-
mitting sidewall 27. The inner space of the cylindrical box
is filled with a gas, e.g. air. The sidewall 27 carries the
acoustic source 21, like the piezo-electric oscillator, on
an inner surface thereof. On an outer surface of the side-
wall 27, facing to the surrounding working medium 2, a
transmission hologram 22 is arranged. The transmission
hologram 22 is directly connected with the sidewall 27,
e.g. with a screw or glue connection. Advantageously,
the transmission hologram 22 has a fixed alignment rel-
ative to the acoustic source 21.
[0061] The transmission hologram 22 is made of the
plastic material VeroClear (trade name). It comprises a
plate with columns 22.1, which protrude perpendicularly
relative to the plane of the sidewall 27. The length of the
columns creates a phase difference of about 1,5 rad/mm
relative to water (sound velocities in water and Vero-
Clear: 1498 m/s and 2330 m/s, respectively, frequency:
1 MHz). The transmission hologram 22 is fabricated e.g.
by moulding, milling or with a conventional 3D printer
from a plastic. The lengths of the columns are calculated
with the Gerchberg-Saxton-Algorithm. In particular, the
transmission hologram is calculated in dependency on
the wavefront of the primary acoustic wave transmitted
through the sidewall 27 and the acoustic interference im-
age to be obtained. The primary wavefront is obtained
from a measurement with a hydrophone sensor or by a
numerical simulation.
[0062] Figure 6 schematically illustrates a cross-sec-
tional view of a reflection hologram 23 as it is used e.g.
with the example of Figure 2. The reflection hologram 23
is made of a metal sheet, having a thickness of e.g. 1
mm and a lateral extension of 10 cm. The reflection holo-
gram 23 is created by drilling through-holes 23.1 through
the plate. The primary acoustic wave 6 is reflected at the
reflection hologram 23 so that a plurality of sub-waves is
created for forming the acoustic interference image (not
shown). The angled orientation of the hologram with re-
spect to the main acoustic path leads to a wide phase
distribution along its surface. Through-holes eliminate
the reflection of specific sub-waves. A binary hologram
method from optics, such as the detour-phase method,
can be used to construct the acoustic reflection holo-
gram.
[0063] Figure 7 schematically illustrates the provision
of an acoustic reference source 24, which is arranged
for emitting an acoustic reference wave 8 to the location
of creating the acoustic interference image 5. Both of the
acoustic source 21 with the transmission hologram 22
and the acoustic reference source 24 are arranged in the
container 10 of the acoustic fabrication apparatus 100.
With this example, the acoustic interference image 5 is
created by the superposition of the interfering sub-waves
7 created at the transmission hologram 22 and the acous-

tic reference wave 8. The particle distribution 4 with a
shape of the component 1 to be obtained is formed in
the sub-container 13. After fixation with a fixation device
(not shown), the sub-container 13 with the completed
component 1 can be taken from the container 10.
[0064] According to the second embodiment of the in-
vention, the acoustic source device 20 comprises an
acoustic array source 25 as schematically illustrated in
Figure 8. The acoustic source device 20 comprises a
cylindrical box with a closed inner space filled with a gas,
e.g. air. The acoustic array source 25 is coupled to an
inner surface of one of the sidewalls of the box. The
acoustic array source 25 comprises a two-dimensional
matrix arrangement of piezo-electric oscillators. Each of
the piezo-electric oscillators can be separately controlled
in terms of phase and amplitude. Controlling the phase
only is sufficient for creating the acoustic interference
image. With a practical example, the acoustic array
source 25 comprises a rectangular grid of 32 x 32 = 1024
oscillators each having a side length of 1 mm. The phases
and amplitudes of the oscillators are selected such that
the superposition of all sub-waves creates a wave-front
7 with a shape corresponding to the shape of the com-
ponent to be obtained.
[0065] The features of the invention disclosed in the
above description, the figures and the claims can be
equally significant for realizing the invention in its different
embodiments, either individually or in combination or in
sub-combination.

Claims

1. Method of fabricating a component (1), comprising
the steps of:

- providing precursor material (2) in a working
medium (3),
- creating acoustic forces and positioning the
precursor material (2) in the working medium (3)
under the effect of the acoustic forces, so that a
material distribution (4) is formed, which has a
shape of the component (1) to be fabricated, and
- subjecting at least one of the material distribu-
tion (4) and the working medium (3) to a fixation,
so that the precursor material (2) of the material
distribution (4) or the working medium (3) sur-
rounding the material distribution (4) is bound,

characterized in that

- the step of creating the acoustic forces includes
generating an acoustic interference image (5),
and
- the material distribution (4) is formed by moving
the precursor material (2) towards energy ex-
trema of the acoustic interference image (5).
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2. Method according to claim 1, wherein

- the material distribution (4) is formed by col-
lecting the precursor material (2) around the en-
ergy extrema of the acoustic interference image
(5) or at a holding surface in a neighbourhood
of the energy extrema of the acoustic interfer-
ence image (5).

3. Method according to one of the foregoing claims,
wherein

- the acoustic interference image (5) is generat-
ed by transmitting an acoustic wave (6) from an
acoustic source device (21) via an acoustic dif-
fractive element (22, 23) to the working medium
(3).

4. Method according to claim 3, wherein

- the acoustic diffractive element is a transmis-
sion hologram (22) or a reflection hologram (23).

5. Method according to claim 1 or 2, wherein

- the acoustic interference image (5) is generat-
ed by acoustic waves (7) formed with a plurality
of acoustic sources, in particular at least one
acoustic array source (25) being acoustically
coupled with the working medium (3).

6. Method according to one of the foregoing claims,
including at least one of the steps

- generating the acoustic interference image (5)
with varying acoustic waveform, and
- an acoustic reference wave (8) is transmitted
from an acoustic reference source (24) into the
working medium (3) simultaneously with the
acoustic wave (6) from the acoustic source de-
vice (20).

7. Method according to one of the foregoing claims,
wherein

- the fixation is triggered by at least one of ther-
mal energy, an irradiation, and a fixation agent.

8. Method according to one of the foregoing claims,
wherein

- all precursor material (2) of the material distri-
bution (4) are subjected to the fixation simulta-
neously.

9. Method according to one of the foregoing claims,
wherein

- the fixation includes at least one of binding the
precursor material (2) of the material distribution
(4) with each other and binding the precursor
material (2) of the material distribution (4) with
the working medium (3).

10. Method according to one of the claims 1 to 7, wherein

- the fixation includes binding the working me-
dium (3) around the material distribution (4),
wherein
- the precursor material (2) of the material dis-
tribution (4) is separated from the bound working
medium (3).

11. Method according to one of the foregoing claims,
wherein

- the precursor material (2) comprise at least one
of solid particles, liquid particles, droplets, bub-
bles, soft matter particles, molecules, biological
matter, and biological cells, and/or
- the working medium (3) comprises one of a
gas, a liquid, a slurry, an emulsion, a suspen-
sion, and a foam.

12. Method according to one of the foregoing claims,
wherein the material distribution (4) has one of the
features

- the material distribution (4) extends along a
line,
- the material distribution (4) extends along a
surface,
- the material distribution (4) extends in a three-
dimensional volume,
- the material distribution (4) is enclosed by a
topologically closed surface, and
- the material distribution (4) comprises at least
two sub-distributions.

13. Method according to one of the foregoing claims,
wherein

- the steps of generating the acoustic interfer-
ence image (5), forming the material distribution
(4) and subjecting at least one of the material
distribution (4) and the working medium (3) to
the fixation are repeated at least once.

14. Apparatus (100) for fabricating a component (1),
comprising:

- an acoustic source device (20) being arranged
for creating acoustic forces and positioning the
precursor material (2) in a working medium (3)
under the effect of the acoustic forces, so that a
material distribution (4) is formed, which has a
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shape of the component (1) to be fabricated,

characterized in that

- the acoustic source device (20) is arranged for
generating an acoustic interference image (5),
so that the precursor material (2) can be moved
towards energy extrema of the acoustic interfer-
ence image (5) for forming the material distribu-
tion (4).

15. Apparatus according to claim 14, wherein the acous-
tic source device (20) comprises

- an acoustic source (21), and
- an acoustic diffractive element (22, 23) which
is arranged for generating the acoustic interfer-
ence image (5).

16. Apparatus according to claim 14, wherein the acous-
tic source device (20) comprises

- an acoustic array source (25) being arranged
for generating the acoustic interference image
(5).

17. Apparatus according to one of the claims 14 to 16,
further comprising at least one of

- a container (10) being arranged for accommo-
dating a working medium (3) including precursor
material (2), and
- an acoustic reference source (24) which is ar-
ranged for transmitting an acoustic reference
wave (8) into the working medium (3).

18. Apparatus according to one of the claims 14 to 17,
further comprising

- a fixation device (30) being arranged for sub-
jecting at least one of the material distribution
(4) and the working medium (3) surrounding the
material distribution (4) to a fixation, wherein
- the fixation device (30) is adapted for supplying
at least one of thermal energy, an irradiation and
a fixation agent into the container (10).

19. Apparatus according to one of the claims 17 to 18,
comprising the container (10), wherein the container
(10) includes at least one of

- acoustic absorbing and/or anti-reflection ma-
terials on inner walls (11) of the container (10),
- a sub-container (12) being arranged in the con-
tainer for accommodating the working medium
(3) including precursor material (2) in a sub-vol-
ume of the container (10), and
- a material carrier (13) providing a holding sur-

face in the working medium.
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